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Description 

FIELD OF THE INVENTION 

5 [0001] Among other things, this Invention relates to functionallzed, water-soluble and non-peptldic polymers, and in 
particular, to methods for making, purifying, and utilizing such polymers. 

[0002] Covalent attachment of the hydrophilic polymer, poly(ethylene glycol), abbreviated "PEG," to molecules and 
surfaces is of considerable utility In areas such as biotechnology and medicine. PEG is a polymer that possesses many 
beneficial properties. For instance, PEG is soluble in water and in many organic solvents, is non-toxic and non-immu- 

10 nogenic, and when attached to a surface, PEG provides a biocompatible, protective coating. 

[0003] Common applications or uses of PEG include (i) covalent attachment to proteins, e.g., for extending plasma 
half-life and reducing clearance through the kidney, (ii) covalent attachment to small molecules for improving water 
solubility and ease of formulation, and to reduce the rate of kidney clearance, (iii) attachment to surfaces such as in 
arterial replacements, blood contacting devices, and biosensors, (iv) as a soluble carrier for biopolymer synthesis, and 

15 (v) as a reagent in the preparation of hydrogels. 

[0004] In many if not all of the uses noted above, it Is necessary to first activate the PEG by converting its hydroxyl 
terminus to a functional group capable of readily reacting with a functional group found within a desired target molecule 
or surface, such as afunctional group found on the surface of a protein. For proteins, typical reactive amino acids include 
lysine, cysteine, histidine, arginine, aspartic acid, glutamic acid, serine, threonine, tyrosine, the N-terminal amino group 

20 and the C-terminal carboxylic acid. 

[0005] The PEG used as a starting material for most PEG activation reactions is typically an end-capped PEG. An 
end-capped PEG is one where one or more of the hydroxyl groups, typically located at a terminus of the polymer, is 
converted into a non-reactive group, such as a methoxy, ethoxy, or benzyloxy group. Most commonly used is methox- 
yPEG, abbreviated as mPEG. End-capped PEGs such as mPEG are generally preferred, since such end-capped PEGs 

25 are typically more resistant to cross-linking and aggregation. The structures of two commonly employed end-capped 
PEG alcohols, mPEG and monobenzyl PEG (otherwise known as bPEG), are shown below. 



wherein n typically ranges from about 10 to about 2,000. 

40 [0006] Although the use of mPEG is preferred in many respects, there are also some serious disadvantages associated 
with the use of mPEG as a starting material. Commercially available mPEG is often contaminated with PEG diol 
(HO-(CH2CH2)n-OH), where values of n are typically as stated above. Although some manufacturers produce low-diol 
mPEG, some of the diol impurity is always present, and content can range as high as 1 0-1 5%, or In some cases, even 
greater. PEG diol arises from the presence of trace amounts of water contamination during the base catalyzed polym- 

15 erization of ethylene oxide to form mPEG. Due to a lower concentration of methoxide initiator in the preparation of high 
molecular weight PEGs, e.g., exceeding 20 kilodaltons (K) or so, water contamination and hence diol formation can 
present a more serious problem. For high molecular weight PEG, diol contamination can reach or even exceed 30%. 
Further, because the diol chain can grow at each end, the contaminating diol typically has a higher average molecular 
weight than the desired mPEG. 

50 [0007] One characteristic of PEGylation chemistry is that, in most cases, the diol and corresponding difunctional or 
di-activated PEG resulting from PEG diol are not removed. In such cases, the conjugate product will contain a certain 
amount of cross-linked product, and additionally possess an i ncreased polydispersity due to polymer diol and diol-derived 
contaminants. This is highly undesirable for a pharmaceutical product, since the presence and amounts of such con- 
taminants can be highly variable, thus leading to irreproducibility of the product. 

55 [0008] Different approaches have been employed to date in an attempt to overcome these problems. In one approach 
to reduce the amount of diol impurity in mPEG starting materials, monofunctional PEG alcohols have been manufactured 
by polymerization of ethylene oxide under strictly anhydrous conditions using an alcohol Initiator in the form of a sodium 
or potassium salt (Odian, Principles of Polymerization, 3rd edition, Wiley, 1 991 ; F. E. Bailey, Jr. & J. V. Koleske, in Poly 
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(ethylene oxide), Academic Press, New Yorl<, 1 976). Althougli resulting in mPEGs having somewhat reduced diol content, 
this approach does not lend itself to commercial scale syntheses, due to the sensitivity of the process to moisture and 
associated problems in controlling the molecular weight and polydispersity of the product. Moreover, the process is 
rather complicated and expensive to operate, especially for the manufacture of the relatively small quantities of higher 
5 molecular weight polymeric reagents needed for many pharmaceutical applications. Further, the explosive reactivity of 
the monomer requires additional safety precautions that add to the cost of manufacturing. 

[0009] In another approach to dealing with diol contamination, crude benzyloxy PEG containing diol impurity is meth- 
ylated and then hydrogenated to remove the benzyl group (See U.S. Pat. No. 6,448,369). As a result, PEG diol present 
in the composition is converted to the inert dimethyl ether. However, this process can be disadvantageous in several 
10 respects. First, this approach adds to the total number of synthetic steps that must be carried out to prepare a final 
activated PEG reagent or product. Secondly, although inert, this approach still leads to the fomnation of an impurity in 
the activated PEG composition. 

[0010] Alternatively, an activated PEG product may be purified to remove difunctional material, however, such purifi- 
cations are typically extremely laborious and time-consuming, as well as difficult to accomplish. For example, gradient- 
15 based chromatography, a frequently employed separations approach, requires the analysis of multiple eluate fractions, 
utilizes a large volume of solvent, and is poorly suited for commercial scale processes. Moreover, gradient-based sep- 
aration techniques rarely achieve acceptable purity levels, particularly when separating higher molecular weight polymer 
species. 

[0011] In sum, the present methods for preparing activated PEGs, particularly monofunctional activated PEGs, are 

20 unsatisfactory in many respects. For the most part, the current methods rely on the use of relatively expensive mPEG 
starting material, which often contains large amounts of the undesirable contaminant, PEG diol. Current synthetic ap- 
proaches to avoid diol formation are complicated, requiring multiple additional reaction steps, and can still result in the 
formation of detectable amounts of PEG diol or PEG-diol derived byproducts. Finally, existing separations approaches, 
particular chromatographic methods, are unsatisfactory for the reasons discussed above. 

25 [0012] The Applicants have realized a continuing need in the art for new methods for preparing activated PEGs that 
(i) do not rely on expensive monofunctional polymer starting materials, (ii) do not require multiple additional cumbersome 
reaction steps, and (ill) overcome the problems associated with the presence of PEG diol by providing high purity polymer 
reagents having a low diol content. In response to these and other needs, the Applicants have, among other things, 
developed new methods for fomning activating PEGs which overcome many of the shortcomings noted above. 

30 [0013] EP 0 614 666 A1 describes lyophilized complexes of polyalkylene oxide modified protein or polypeptide with 
cyclodextrin. It describes. Inter alia, the attachment of proteins and polypeptides to low diol polyethylene glycols (PEGs). 
Of Examples 1-8, only Example 3 describes a method employing "a water-soluble and non-peptidic polymer comprising 
two hydraxyl groups", specifically, polyethylene oxide. All of the remaining examples employ methoxy_polyethylene 
glycol or a related starting material. 

35 [001 4] Zaiipsky et al. 1 990 discusses f unctionalized polyethylene oxides and describes the preparation and purification 
of a-hydroxy-chcarboxymethylated polyethylene oxide. 

Only one example is given, using polyethylene oxide, which is identical to Example 3 in EP 0 61 4 666 Al , discussed above. 
[0015] EP 1 283 233 Al describes a polyoxyalkylene derivative represented by the general formula (I) below, along 
with methods of their production: 

40 

^0-(AO)n-R| 

50 

[0016] JP 08-1 65343-A describes a method for the manufacture of polyoxyalkylene monoamines that reduces con- 
tamination of the monoamine by unreacted reagents or the polyamine by-product. 

[0017] US 6,448,369 B1 describes heterobifunotional poly{ethylene glycol) derivatives and methods for their prepa- 
ration and purification. 

55 [0018] WO 2004/060965 A2 describes hydrolytically stabilized malemide-functionalized water soluble polymers, along 
with methods for making and utilizing the polymers and their precursors. 
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SUMMARY OF THE INVENTION 

[0019] Subject-maths of the present Invention are methods according to claims 1 -68 as attached. 
[0020] One aspect of the present Invention Is a method for forming a functlonallzed polymer, comprising: 

5 

(a) providing a water-soluble and non-peptldic polymer comprising two hydroxyl groups; 

(b) reacting the water-soluble and non-peptidic polymer comprising two hydroxyl groups, In one or more reaction 
steps, with one or more functlonallzing reagents that are reactive with a hydroxyl group to effect the Introduction of 
a functional group, Y, to form a mixture comprising: 

10 

(i) unsubstituted water-soluble and non-peptldic polymer from step (a), 

(ii) a monosubstituted polymer comprising a single Y group, and 
(ill) a disubstituted polymer comprising two Y groups, 

15 under conditions effective to form: 

(i) from 8 to 45 percent of the monosubstituted polymer; and 

(ii) no more than 40 percent of the disubstituted polymer; and 

(iii) a ratio of monosubstituted polymer to disubstituted polymer that is 2:1 to 40:1; and 

20 

(c) purifying the mixture from step (b) to provide a monosubstituted polymer substantially free from the unsubstituted 
and disubstituted polymer species. 

[0021 ] In one embodiment, the method comprises: 

25 

(a) providing a polymer comprising a formula HO-POLY-OH, wherein POLY Is a water-soluble and non-peptldic 

polymer; 

(b) optionally, converting HO-POLY-OH to a mixture comprising HO-POLY-OH, HO- POLY-Z, and Z-POLY-Z, where- 
in Z is a leaving group, under conditions effective to form no more than 45 percent of Z-POLY-Z; 

30 (c) reacting HO-POLY-OH of step (a) orthe mixture of step (b) with a functionalizing reagent comprising the structure 

X-Lq^-Y, wherein: 

X Is a group that reacts with a hydroxyl, optionally in anionic fonn, or with a carbon atom to which the hydroxyl 
or leaving group Is attached, 
35 Lq 1 Is an optional linker, and 

Y Is an lonlzable group, optionally as a protected lonlzable group, to form a mixture comprising: 

HO-POLY-OH, 
HO-POLY-Lo 1-Y, and 
40 Y-Lo,i-POLY-U,i-Y, 

under conditions effective to fonn: 

(i) from 8 to 45 percent of the monosubstituted polymer; and 
IS (ii) no more than 40 percent of Y-Lg j-POLY-Lg .,-Y; and 

(iii) a ratio of monosubstituted polymer to disubstituted polymer that is 2:1 to 40:1; 

(d) optionally, alkylating the mixture from step (b) or step (c); and 

(e) purifying the mixture from step (c) or step (d) by Ion exchange chromatography to provide substantially pure 
50 polymer comprising a single -Lgj-Y group, after deprotection of the functional group Y, if deprotection is necessary. 

[0022] Described herein is a method for forming a functionalized polymer, the method comprising the steps of: (a) 
providing a water-soluble and non-peptidic polymer comprising two hydroxyl groups (i.e., a water-soluble and non- 
peptidic polymer having two or more hydroxyl groups); (b) reacting the water-soluble and non-peptidic polymer comprising 
55 two hydroxyl groups, in one or more reaction steps, with one or more functlonallzing reagents to effect the introduction 
of a functional group, Y, to form a mixture comprising (i) unsubstituted water soluble and non-peptidic polymer from step 
(a), (ii) a monosubstituted polymercomprising a single Y group, and (III) a disubstituted polymer comprising two Y groups, 
under conditions effective to form either no more than about 45 percent of the disubstituted polymer; and (c) purifying 
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the mixture from step (b) to provide a monosubstituted polymersubstantially free from the unsubstituted and disubstituted 
polymer species. Functionalized polymers, as well as monosubstituted polymers, prepared in acxiordance with this 
method are also described herein. The method optionally comprises thefurtherstep of alkylating the non-peptidic polymer 
comprising two hydroxyl groups prior to step (b), or alkylating the mixture formed in step (b) prior to or subsequent to 

5 the purification step (c). This optionally step can be used to convert unreacted hydroxyl groups to alkoxy groups. 

[0023] Also described herein is a method for f onning an alkylated functionalized polymer, said method comprising the 
steps of: (a) providing a water-soluble and non-peptidic polymer comprising two hydroxyl groups; (b) alkylating the water- 
soluble and non-peptidic polymer to form a mixture comprising (i) unalkylated water-soluble and non-peptidic polymer 
from step (a), (ii) a monoalkylated polymer comprising a single alkoxy group, and (iii) a dialkylated polymer comprising 

10 two alkoxy groups, under conditions effective to form at least about 25 mol percent of the dialkylated polymer; (c) reacting 
the mixture from step (b), in or more reaction steps, with one or more functionalizing reagents to effect the introduction 
of a functional group, Y, to form a mixture comprising (i) unalkylated polymer comprising two Y groups, a monoalkylated 
polymer polymer comprising a single Y group, and a dialkylated polymer comprising no Y groups, (d) purifying the mixture 
from step (c) to provide a monoalkylated polymer substantially free from the unalkylated and dialkylated polymer species. 

15 Alkylated functionalized polymers, as well as monoalkylated polymers substantially free from the unalkylated and di- 
alkylated polymers species, prepared in accordance with this method are also described herein. 
[0024] Also described herein is a method of forming a functionalized polymer, the method comprising the steps of: 

(a) providing a polymer comprising aformula HO-POLY-OH, wherein POLY is a water-soluble and non-peptidic polymer; 

(b) optionally, converting HO-POLY-OH to a mixture comprising HO-POLY-OH, HO-POLY-Z and Z-POLY-Z, wherein 
20 Z is a leaving group, under conditions effective to form no more than about 45 percent of Z-POLY-Z; (c) reacting HO- 
POLY-OH of step (a) or the mixture of step (b) with a functionalizing reagent comprising the structure X-Lq j-Y, wherein 
X is a group that reacts with a hydroxyl, optionally in anionic form, or with a carbon atom to which the hydroxyl or leaving 
group is attached, Lm is an optional linker, and Y is an ionizable group, to form a mixture comprising HO-POLY-OH, 
HO-POLY-Lq j-Y, and Y-Lq^-POLY-Lq j-Y, under conditions effective to form preferably no more than about 25 percent 

25 of Y-Lg i-POLY-Lg -|-Y; (d) optionally, alkylating the mixture from step (b) or step (c); and (e) purifying the mixture from 
step (c) or step (d) by ion exchange chromatography to provide substantially pure polymer comprising a single -Lg j-Y 
group. Functionalized polymers, as well as substantially pure polymer comprising a single -Lg j-Y group, prepared in 
accordance with this method are also described herein. 

[0025] Also described herein is a method of separating a mixture of polymer species by ion exchange chromatography, 

30 said method comprising the steps of: (a) providing a mixture of water-soluble and non-peptidic polymers, said mixture 
comprising a neutral polymer absent an ionizable functional group, a monofunctional polymer comprising a single ion- 
izable functional group, and a difunctional polymer comprising two ionizable functional groups; (b) passing the mixture 
through a first ion exchange column to provide an eluate, wherein said passing the mixture step is carried out under 
conditions effective to adsorb substantially all of the difunctional polymer onto the first column; (c) passing the eluate 

35 through a second ion exchange column under conditions effective to adsorb substantially all of the monofunctional 
polymer onto said second column; (e) washing the second column with water or a salt solution having low ionic strength 
to remove substantially only neutral polymer absent an ionizable functional group in a wash solution; and (f) passing a 
solution having sufficient ionic strength through the second column to desorb the monofunctional polymer. 
[0026] Also described herein is an ion exchange chromatography apparatus, comprising: a supply of solution of a 

40 water-soluble and non-peptidic polymer mixture comprising a neutral polymer absent ionizable functional groups, a 
monofunctional polymer comprising a single ionizable functional group, and a difunctional polymer comprising two 
ionizable functional groups; a first ion exchange column comprising a first inlet, a first outlet, and a first ion exchange 
media, said first inlet being in fluid communication with said supply; a second ion exchange column comprising a second 
inlet, a second outlet, and a second ion exchange media, said second inlet being in fluid communication with said first 

45 outlet; and at least one product recovery vessel in fluid communication with said second outlet, adapted to receive eluent 
exiting from said second ion exchange column. The first and second ion exchange media can either be the same or 
different, and the apparatus includes instances where the first and second ion exchange media are the same and 
instances where the first and second ion exchange media are different. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Having thus described the invention in general terms, reference will now be made to the accompanying drawings, 
wherein: 

[0028] FIG. 1 graphically illustrates the statistics of substitution of a PEG diol in a nucleophilic substitution reaction. 
55 This plot demonstrates the relative concentrations of diol, mono- and di-aubstituted product in a reaction mixture at any 
point during such a reaction; 

[0029] FIG. 2 illustrates an ion exchange chromatography system in which two columns are employed; 
[0030] FIG. 3 illustrates a multiple column ion exchange chromatography system. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0031] Before describing the present invention in detail, it is to be understood that this invention is not limited to the 
particular polymers, synthetic techniques, active agents, and the like as such may vary. It is also to be understood that 

5 the terminology used herein is for describing particular embodiments only, and is not intended to be limiting. 

[0032] It must be noted that, as used in this specification, the singular fonns "a," "an,' and "the" include plural referents 
unless the context clearly dictates othenvise. Thus, for example, reference to a "polymer' includes a single polymer as 
well as two or more of the same or different polymers, reference to a "conjugate" refers to a single conjugate as well as 
two or more of the same or different conjugates, reference to an "excipient" includes a single excipient as well as two 

10 or more of the same or different excipients, and the like. 
[0033] I. Definitions 

[0034] In describing and claiming the present invention, the following terminology will be used in accordance with the 
definitions described below. 

[0035] "PEG," "polyethylene glycol" and "poly(ethylene glycol)" are used herein to mean any water-soluble poly(eth- 
15 yiene oxide). Typically, PEGs for use in the present invention will comprise one of the two following structures: "-0 
(CH2CH20)p-" or "-CH2CH20(CH2CH20)n-CH2CH2-," where n is 3 to 3000, and the terminal groups and architecture 
of the overall PEG may vary. "PEG" means a polymer that contains a majority, that is to say, greater than 50%, of 

subunits that are -CHjCHjO-. 

[0036] One commonly employed PEG is end-capped PEG. When PEG is defined as "-0(CH2CH20)„-," the end- 
20 capping group is generally a carbon-containing group typically comprised of 1 -20 carbons and is preferably alkyi (e.g., 
methyl, ethyl or benzyl) although saturated and unsaturated forms thereof, as well as aryl, heteroaryl, cycio, heterocycio, 
and substituted forms of any of the foregoing are also envisioned. Wlien PEG is defined as "-CHgCHjO 
(CH2CH20)p-CH2CH2-," the end-capping group isgenerally a carbon-containing group typically comprised of 1-20 carbon 
atoms and an oxygen atom that is covalently bonded to the group and is available for covalently bonding to one terminus 
25 of the PEG. In this case, the group is typically, alkoxy (e.g., methoxy, ethoxy or benzyloxy) and with respect to the carbon- 
containing group can optionally be saturated and unsaturated, as well as aryl, heteroaryl, cycIo, heterocycio, and sub- 
stituted forms of any of the foregoing. 

The other ("non-end-capped") terminus is a typically hydroxyl, amine or an activated group that can be subjected to 
further chemical modification when PEG is defined as "-CH2CH20(CH2CH20)n-CH2CH2-." In addition, the end-capping 

30 group can also be a silane. 

[0037] Specific PEG forms for use in the invention include PEGs having a variety of molecular weights, structures or 
geometries (e.g., branched, linear, forked PEGs, multifunctional, and the like), to be described in greater detail below. 
[0038] The end-capping group can also advantageously comprise a detectable label. When the polymer has an end- 
capping group comprising a detectable label, the amount or location of the polymer and/orthe moiety (e.g., active agent) 

35 to which the polymer is coupled to is of interest can be determined by using a suitable detector. Such labels include, 
without limitation, fluorescers, chemiluminescers, moieties used in enzyme labeling, colorimetric (e.g., dyes), metal ions, 
radioactive moieties, and the like. 

[0039] The polymers are typically polydisperse (i.e., number average molecular weight and weight average molecular 
weight of the polymers are not equal), possessing low polydispersily values - expressed as a ratio of weight average 
40 molecular weight (Mw) to number average molecularweight (Mn), (Mw/Mn) ~ of generally less than about 1 .2, preferably 
less than about 1.15, more preferably less than about 1.10, still more preferably less than about 1.05, yet still most 
preferably less than about 1 .03, and most preferably less than about 1 .025. 

[0040] As used herein, the term "ionizable functional group" and variations thereof is a functional group that may gain 
or lose a proton by interaction with another ionizable species of functional group in aqueous or other polar media. 
15 Ionizable functional groups include, but are not limited to, amine, carboxylic acids, aldehyde hydrates, ketone hydrates, 
amides, hydrazines, thiols, phenols, oximes, dithiopyridines, and vinylpyridines. 
[0041] As used herein, the term "carboxylic acid" is a moiety having a 

O 

-C-OH 



functional group [also represented as a "-C00H" or -C(0)OH], as well as moieties that are derivatives of a carboxylic 
55 acid, such derivatives including, for example, protected carboxylic acids. Thus, unless the context clearly dictates oth- 
enwise, the term carboxylic acid includes not only the acid form, but corresponding esters and protected forms as well. 
Reference is again made to Greene et al., "PROTECTIVE GROUPS IN ORGANIC SYNTHESIS" 3rd Edition, John Wiley 
and Sons, Inc., New York, 1999. 
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[0042] "Activated carboxylic acid" means a functional derivative of a carboxylic acid that is more reactive than the 
parent carboxylic acid, in particular, with respect to nucleophilic acyl substitution. Activated carboxylic acids include but 
are not limited to acid halides (such as acid chlorides), anhydrides, amides and esters. 

[0043] The term "reactive" or "activated", when used in conjunction with a particular functional group, refers to a 
5 reactive functional group that reacts readily with an electrophile or a nucleophile on another molecule. This is in contrast 
to those groups that require strong catalysts or highly impractical reaction conditions in order to react (i.e., a "nonreactive" 
or "inert" group). 

[0044] The terms "protected" or "protecting group" or "protective group" refer to the presence of a moiety (i.e., the 
protecting group) that prevents or blocks reaction of a particular chemically reactive functional group in a molecule under 
10 certain reaction conditions. The protecting group will vary depending upon the type of chemically reactive group being 
protected as well as the reaction conditions to be employed and the presence of additional reactive or protecting groups 
in the molecule, if any. Protecting groups known in the art can be found in Greene et al., supra. 
[0045] As used herein, the term "functional group" or any synonym thereof is meant to encompass protected forms 
thereof. 

15 [0046] The term "spacer" or "spacer moiety" is used herein to refer to an atom or a collection of atoms optionally used 
to linkinterconnecting moieties such as a terminus of a water-soluble polymer portion and a functional group. The spacer 
moieties may be hydrolytically stable or may include a physiologically hydrolyzable or enzymatically degradable linkage. 
[0047] "AlkyI" refers to a hydrocarbon chain, typically ranging from about 1 to 20 atoms in length. Such hydrocarbon 
chains are preferably but not necessarily saturated and may be branched or straight chain, although typically straight 

20 chain is preferred. Exemplary alkyi groups include ethyl, propyl, butyl, pentyl, 1-methylbutyl, 1-ethylpropyl,3-methylpentyl, 
and the like. As used herein, "alkyl" includes cycloalkyi when three or more carbon atoms are referenced. 
[0048] "Lower alkyl" refers to an alkyl group containing from 1 to 6 carbon atoms, and may be straight chain of branched, 
as exemplified by methyl, ethyl, /?-butyl, /so-butyi, fert-butyl. 

[0049] "Cycloalkyi" refers to a saturated or unsaturated cyclic hydrocarbon chain, including bridged, fused, or spiro 
25 cyclic compounds, preferably made up of 3 to about 1 2 carbon atoms, more preferably 3 to about 8. 

[0050] "Non-interfering substituents" are those groups that, when present in a molecule, are typically non-reactive 
with other functional groups contained within the molecule. 

[0051 ] The term "substituted" as In, for example, "substituted alkyl," refers to a moiety (e.g., an alkyl group) substituted 
with one or more non-interfering substituents, such as, but not limited to: Cg-Cg cycloalkyi, e.g., cyclopropyl, cyclobutyl, 
30 and the like; halo, e.g., fluoro, chloro, bromo, and iodo; cyano; alkoxy, lower phenyl (e.g., 0-2 substituted phenyl); 
substituted phenyl; and the like. 

[0052] "substituted aryl" is aryl having one or more non-interfering groups as a substituent. For substitutions on a 
phenyl ring, the substituents may be in any orientation (i.e., ortho, meta, or para). 

[0053] "Alkoxy" refers to an -0-R group, wherein R is alkyl or substituted alkyl, preferably Ci-Cgo alkyl (e.g., methoxy, 
35 ethoxy, propyloxy, benzyloxy, etc.), preferably C^-Cg. 

[0054] "Aryl" means one or more aromatic rings, each of 5 or 6 core carbon atoms. Aryl Includes multiple aryl rings 

that may be fused, as in naphthyl or unfused, as in biphenyl. Aryl rings may also be fused or unfused with one or more 

cyclic hydrocarbon, heteroaryl, or heterocyclic rings. As used herein, "aryl" includes heteroaryl. 

[0055] "Heteroaryl" is an aryl group containing from one to four heteroatoms, preferably N, 0, or S, or a combination 
40 thereof. Heteroaryl rings may also be fused with one or more cyclic hydrocarbon, heterocyclic, aryl, or heteroaryl rings. 

[0056] "Electrophile" refers to an ion or atom or collection of atoms, that may be ionic, having an electrophilic center, 

i.e., a center that is electron seeking or capable of reacting with a nucleophile. 

[0057] "Nucleophile" refers to an ion or atom or collection of atoms, that may be ionic, having a nucleophilic center, 
i.e., a center that is seeking an electrophilic center or capable of reacting with an electrophile. 

45 [0058] A "physiologically cleavable" or "hydrolyzable" or "degradable" bond is a relatively weak bond that reacts with 
water (i.e., is hydrolyzed) under physiological conditions. The tendency of a bond to hydrolyze in water will depend not 
only on the general type of linkage connecting two central atoms but also on the substituents attached to these central 
atoms. Appropriate hydrolytically unstable or weak linkages include, but are not limited to, carboxylate ester, phosphate 
ester, anhydrides, acetals, ketals, acyloxyalkyi ether, imines, orthoesters, and oligonucleotides. 

50 [0059] An "enzymatically degradable linkage" means a linkage that is subjectto degradation by one or more enzymes. 
[0060] A "hydrolytically stable" linkage or bond refers to a chemical bond, typically a covalent bond, that is substantially 
stable in water, that is to say, does not undergo hydrolysis under physiological conditions to any appreciable extent over 
an extended period of time. Examples of hydrolytically stable linkages include but are not limited to the following: carbon- 
carbon bonds (e.g., in aliphatic chains), ethers, amides, urethanes, and the like. Generally, a hydrolytically stable linkage 

55 is one that exhibits a rate of hydrolysis of less than about 1 -2% per day under physiological conditions. Hydrolysis rates 
of representative chemical bonds can be found in most standard chemistry textbooks. 

[0061] "Multifunctional" or "multisubstituted" in the context of a polymer means a polymer having 2 or more functional 
groups contained therein, where the functional groups may be the same or different. Multifunctional polymers will typically 
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contain from about 2-1 00 functional groups, or from 2-50 functional groups, or from 2-25 functional groups, or from 2-15 
functional groups, or from 3 to 1 0 functional groups, or will contain 2, 3, 4, 5, 6, 7, 8, 9 or 1 0 functional groups within the 
polymer backbone. 

[0062] A "difunctional" or "disubstituted" polymer means a polymer having two functional groups contained therein, 
5 either the same (i.e., homodifunctional) or different (i.e., heterodifunctional). 

[0063] A "monof unctional" or "monosubstituted" polymer means a polymer having a single functional group contained 
therein (e.g., an mPEG based polymer). 

[0064] A basic or acidic reactant described herein includes neutral, charged, and any corresponding saltforms thereof. 
[0065] The term "patient," refers to a living organism suffering from or prone to a condition that can be prevented or 
10 treated by administration of a conjugate, and includes both humans and animals. 

[0066] "Optional" or "optionally" means that the subsequently described circumstance may or may not occur, so that 

the description includes instances where the circumstance occurs and instances where it does not. 

[0067] Unless othera/ise noted, molecular weight is expressed herein as number average molecular weight (MJ, which 

15 ^NiMi 

is defined as ^ — ; — , wherein Ni is the number of polymer molecules (or the number of moles of those molecules) 

having molecular weight Mi. 

[0068] Each of the terms "drug," "biologically active molecule," "biologically active moiety," "active agent" and "bio- 
20 logically active agent", when used herein, means any substance which can affect any physical or biochemical properties 
of a biological organism, including but not limited to viruses, bacteria, fungi, plants, animals, and humans. In particular, 
as used herein, biologically active molecules include any substance intended for diagnosis, cure mitigation, treatment, 
or prevention of disease in humans or other animals, or to otherwise enhance physical or mental well-being of humans 
or animals. Examples of biologically active molecules include, but are not limited to, peptides, proteins, enzymes, small 
25 molecule drugs, dyes, lipids, nucleosides, oligonucleotides, polynucleotides, nucleic acids, cells, viruses, liposomes, 
microparticles and micelles. Classes of biologically active agents that are suitable include, but are not limited to, antibiotics, 
fungicides, anti-viral agents, anti-inflammatory agents, anti-tumor agents, cardiovascular agents, anti-anxiety agents, 
homiones, growth factors, steroidal agents, and the like. 

[0069] As used herein, "non-peptidic" refers to a polymer backbone substantially free of peptide linkages. However, 
30 the polymer backbone may include a minor number of peptide linkages spaced along the length of the backbone, such 
as, for example, no more than about 1 peptide linkage per about 50 monomer units. 

[0070] The term "conjugate" is intended to refer to the entity fonned as a result of covalent attachment of a molecule, 

e.g., a biologically active molecule, to a reactive polymer molecule, preferably poly(ethylene glycol). 

[0071] "Eluate" refers to a solution that has passed through a chromatography column (i.e., an effluent stream). 

35 [0072] "Eluent" refers to the mobile phase utilized during a chromatographic separation. 

[0073] "Pre-column" and "first column" are used interchangeably herein and referto a single chromatography column, 
as well as two or more columns connected in series that serve as the "pro-column" or "first column." In addition, the 
terms "main column" and "second column" are used interchangeably herein and referto a single chromatography column, 
as well as two or more columns connected in series that serve as the "main column" or "second column." 

40 [0074] II. Method of Preparing Functionalized Polymers Using Polymeric Polyol Starting Material 

[0075] Described herein is a method of forming functionalized polymeric reagents, particularly monofunctional poly- 
meric reagents, using polymeric polyol starting materials, such as dihydroxy PEG, instead of the expensive, difficult to 
purify mPEG starting materials known in the art. The method involves reacting the polymeric polyol starting material 
with a functionalizing reagent comprising a functional group, -Y. The functionalizing reagent is capable of reaction, in 

45 one or more steps, with the polyol to form a plurality of substituted polymers, each comprising a varying number of -Y 
groups. The reaction is typically carried out under conditions effective to produce a mixture of an unsubstituted polymer 
(I.e., the original polymeric polyol), a monosubstituted polymer (i.e., a polymer having a single Y group), and one or more 
multlsubstitutedpolymers (e.g., a disubstituted polymer having two Y groups) characterized by a relatively wide difference 
in content of the monosubstituted product and the multisubstituted product(s). 

50 [0076] The mixture of polymer products is subjected to a purification step in order to separate the mixture components 
and provide a monosubstituted polymer substantially free from the unsubstituted and multisubstituted polymer species. 
By performing the purification/separation process while the desired monosubstituted polymer and the multisubstituted 
polymer species are present at differing concentrations, separation is made easier and formation of highly pure mono- 
functional polymeric reagents is possible. In essence, controlling the extentto which thefunctionalizing reaction is allowed 

55 to proceed is used as a means to enhance and simplify separation of the polymeric species formed in the reaction. 
The approach is particularly well suited for use with functionalizing reagents that attach ionizable functional groups to 
the polymer and separation processes adapted for separation based on differences in charge. 
[0077] For purposes of illustrating one or more advantages of the method, the use of a dihydroxy PEG staring material 



8 



EP1 656 410B1 



is considered. Commencement of a reaction of the dihydroxy PEG witii a functionalizing reagent comprising a protected 
amine or protected carboxylic acid will result in formation of a monosubstituted polymer species (e.g., a polymer iiaving 
a single protected or free amine or protected or free carboxylic acid group) and a disubstituted polymer species (e.g., a 
polymer having two protected amine or protected carboxylic acid groups). As the number of moles of the mono- and 

5 disubstituted polymers increases, the number of moles of the original PEG diol starting material will decrease concom- 
itantly. The theoretical yield of monosubstituted and disubstituted polymer species expressed as a % of substitution (i.e., 
mole percent) is shown in Figure 1. As shown, the monosubstituted product reaches a theoretical maximum of 50% and 
then declines as the percentage of disubstituted product continually increases. The amount of unsubstituted PEG diol 
starting material continually declines as the reaction proceeds. 

10 [0078] In one or more embodiments, the reaction is allowed to proceed until a certain predetermined amount of the 
monosubstituted and disubstituted polymer species is fornied. This predetermined amount is selected based on the 
disparity in concentration of the monosubstituted product and the disubstituted product. By stopping the reaction at a 
point characterized by a large difference in concentration of the monosubstituted product and the disubstituted product 
(e.g., when the reaction mixture comprises 25.5% monosubstituted product and only 2.25% disubstituted product), 

15 separation or purification of the polymer mixture is easier. As noted above, this is particularly true when ionizable groups 
are utilized that allow separation of the polymer mixture based on differences in charge. 

[0079] Once thefunctionalizing reaction ends (e.g., by quenching or reagent exhaustion) at the desired point, separation 
of the mixture can tal<e place and the purified monosubstituted polymer can then be used, optionally after further func- 
tionalization, for any one of a number of purposes (e.g., to form a conjugate with a biologically active agent). Further 
20 functionalization can be carried out by subjecting the purified monosubstituted polymer to additional reaction steps to 
form other useful active polymeric reagents, such as the formation of active esters from carboxylic acid terminated 
polymers or the formation of maleimides from amine terminated polymers. 

[0080] Examples of suitable functional groups that can be formed on the final purified polymer include hydroxyl, active 
ester (e.g., N-hydroxysuccinimidyl ester and 1-benzotriazolyl ester)^ active carbonate (e.g., N-hydroxysuccinimidyl car- 

25 bonate, 1-benzotriazolyl carbonate, and p-nitrophenyi carbonate), acetaL aldehyde having a carbon length of 1 to 25 
carbons (e.g., acetaldehyde, propionaldehyde, and butyraldehyde), aldehyde hydrate, alkenyl, acrylate, methacrylate, 
acrylamide, active sulfone, amine, hydrazide, thiol, alkanoic acids having a carbon length (including the carbonyl carbon) 
of 1 to about 25 carbon atoms (e.g., carboxylic acid, carboxymethyl, propanoic acid, and butanolc add), acid halide, 
isocyanate,isothiocyanate,maleimide,vinylsulfone,dithiopyridine,vinylpyridine, iodoacetamide, epoxide, glyoxal, dione, 

30 mesylate, tosylate, and tresylate. Exemplary functional groups are discussed in the following references: N-succinimidyl 
carbonate (see e.g., U.S. Patent Nos. 5,281,698, 5,468,478), amine (see, e.g., Buckmann et al, Makromol.Chem. 182: 
1379 (1 981), Zailpsky et al. Eur. Polym. J. 1 9:11 77 (1983)), hydrazide (See, e.g.; Andresz et al. Makromol. Chem. 179: 
301 (1 978)), succinimidyl propionate and succinimldyl butanoate (see, e.g., Olson et al. in Poly(ethylene glycol) Chemistry 
& Biological Applications, pp 170-181, Harris & Zaiipsky Eds., ACS, Washington, DC, 1997; see also U.S. Patent No. 

35 5,672,662), succinimidyl succinate (See, e.g., AbuchowskI et al. Cancer Biochem. Biophys. 7:1 75 (1 984) and Joppich 
et al., Makromol. Chem. 180:1381 (1979), succinimidyl ester (see, e.g., U.S. Patent No. 4,670,417), benzotrlazole 
carbonate (see, e.g., U.S. Patent No. 5,650,234), glycidyl ether (see, e.g., Pitha et al. Bur. J. Biochem. 94:1 1 (1979), 
Ellingetal., Biotech. Appl. Biochem. 13:354 (1991), oxycarbonyllmidazole (see, e.g., Beauchamp, etal.. Anal. Biochem. 
131:25 (1983), Tondelli et al. J. Controlled Release 1:251 (1985)), p-nitrophenyl carbonate (see, e.g., Veronese, et al., 

40 Appl. Biochem. Biotech., 11:141 (1985); and Sartore etal., Appl. Biochem. Biotech., 27:45 (1991)), aldehyde (see, e.g., 
Harris et al. J. Polym. Sci. Chem. Ed. 22:341 (1984), U.S. Patent No. 5,824,784, U.S. Patent 5,252,714), maleimide 
(see, e.g., Goodson et al. Bio/Technology 8:343 (1 990), Romani et al. in Chemistry of Peptides and Proteins 2;29 (1 984)), 
and Kogan, Synthetic Comm. 22:2417 (1992)), orthopyridyl-disulfide (see, e.g., Woghiren, et al. Bioconj. Chem. 4:314 
(1993)), acrylol (see, e.g., Sawhney et al., Macromolecules, 26:581 (1993)), vinylsulfone (see, e.g., U.S. Patent No. 

45 5,900,461). 

[0081] If a monofunctional end-capped polymer is desired, the method can also include an alkylation step, which can 
occur either before or after the polymer polyol staring material is reacted with the functionalizing agent. Preferably, the 
optional alkylation step occurs after the functionalizing reaction so that the functionalizing step remains the controlling 
step in the process that determines the relative concentrations of the monosubstituted polymer product as compared to 

50 the disubstituted or other multisubstituted polymer species. If the alkylating step is performed before the reaction with 
the functionalizing reagent, then the alkylati ng step becomes the controlling reaction that determines the desired disparity 
in monosubstituted polymer content versus disubstituted polymer content. Alternatively, the alkylation step can be avoided 
by utilizing a polymeric mixture of a polymeric diol and its monoalkylated form (e.g., mPEG) if such mixtures having a 
proper balance of the two components are readily available. 

55 [0082] As discussed in greater detail below, the functional group, Y, is preferably an ionizable functional group. Ex- 
emplary ionizable functional groups include amine and carboxylic acid groups. Examples of other suitable functional 
groups include aldehyde hydrate, ketone hydrate, amide, hydrazine, hydrazide, thiol, phenol, oxime, other alkanoic acids 
having a carbon length (including the carbonyl carbon) of 1 to about 25 carbon atoms (e.g., carboxymethyl, propanoic 
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acid, and butanoic acid), dithiopyridine, and vinylpyridine. 
[0083] A. Polyol Starting Materials 

[0084] A polymeric polyol can be used can comprise any water soluble and non-peptidic polymer having at least two 
hydroxyl groups covalently attached thereto. Preferably, the polymeric polyol is a diol (i.e., a polymer having two hydroxyl 

5 groups attached thereto); however, polyols containing greater than 2 hydroxyl groups can be utilized, such as polyols 
comprising about 3-100 hydroxyl groups, or from 3-50 hydroxyl groups, or from 3-25 hydroxyl groups, or from 3-15 
hydroxyl groups, or from 3 to 10 hydroxyl groups, or will contain 3, 4, 5, 6, 7, 8, 9 or 10 hydroxyl groups attached to the 
polymer. Although the hydroxyl groups are preferably attached to the termini of the polymer, the hydroxyl groups may 
also be attached to the polymer as side chains in pendant fashion. 

10 [0085] The polymer should be non-toxic and biocompatible, meaning that the polymeria capable of coexistence with 
living tissues or organisms without causing harm. When referring to the polymeric polyol, it is to be understood that the 
polymer can be any of a number of water soluble and non-peptidic polymers, such as those described herein as suitable 
for use. 

Preferably, poly(ethylene glycol) (i.e., PEG) is the polymeric polyol. The term PEG includes poly(ethylene glycol) in any 
15 of a number of geometries or forms, including linear forms, branched or multi-arm forms (e.g., forked PEG or PEG 
attached to a polyol core), pendant PEG, or PEG with degradable linkages therein, to be more fully described below. 
[0086] Multi-armed or branched PEG molecules, such as those described in U.S. Patent No. 5,932,462, can also be 
used as the PEG polymer. Generally speaking, a multi-armed or branched polymer possesses two or more polymer 
"arms" extending from a central branch point (e.g., C in Formula II below). For example, an exemplary branched PEG 
20 polymer has the structure: 



PEGa'^ 



wherein PEG^ and PEGg are PEG polymers in any of the forms or geometries described herein, and which can be the 
same or different, and L' is a hydrolytically stable linkage. An exemplary branched PEG of Formula I has the structure: 



poly— P 

R"— C — 
I 

polyb— Q 



Fonnula II 



45 wherein: polyg and polyi^ are PEG backbones, such as methoxy poly(ethylene glycol); R" is a nonreactive moiety, such 
as H, methyl or a PEG backbone; and P and Q are nonreactive linkages. In a preferred embodiment, the branched PEG 
polymer is methoxy poly(ethylene glycol) disubstituted lysine. 

[0087] The branched PEG structure of Fonnula II can be attached to a third oligomer or polymer chain as shown below: 

50 




55 

Fonnula in 
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wherein PROg is a third PEG oligomer or polymer chain, which can be the same or different from PEG^ and PEGg. 
[0088] The PEG polymer may alternatively comprise a fori<ed PEG. 

Generally speaking, a polymer having a forked structure is characterized as having a polymer chain attached to two or 
more functional groups via covalent linkages extending from a hydrolytically stable branch point in the polymer. An 
5 example of a forked PEG is represented by PEG-L-CHYg, where L is a linking group and Y is a functional group. Each 
Y group is linked to CH by a chain of atoms of defined length. U.S. Patent No. 6,362,254 discloses various forked PEG 
structures capable of use. The chain of atoms linking the Y functional groups to the branching carbon atom serve as a 
tethering group and may comprise, for example, an alkyi chain, ether linkage, ester linkage, amide linkage, or combi- 
nations thereof. 

10 [0089] As noted above, the PEG polymer may comprise a pendant PEG molecule having reactive groups, such as 
hydroxyl, covalently attached alongthe length of the PEG backbone ratherthan atthe end of the PEG chain. The pendant 
reactive groups can be attached to the PEG backbone directly or through a linking moiety, such as an alkylene group. 
[0090] In addition to the above-described forms of PEG, the polymer can also be prepared with one or more hydro- 
lytically stable or degradable linkages in the polymer backbone, including any of the above described polymers. For 

1S example, PEG can be prepared with ester linkages in the polymer backbone that are subject to hydrolysis. As shown 
below, this hydrolysis results in cleavage of the polymer into fragments of lower molecular weight: 

-PEG-COg-PEG- + HjO ^ -PEG-COjH + HO-PEG- 

20 [0091] Other hydrolytically degradable linkages, useful as a degradable linkage within a polymer backbone, include 
carbonate linkages; imine linkages resulting, for example, from reaction of an amine and an aldehyde (see, e.g., Ouchi 
et al., Polymer Preprints, 38(1):582-3 (1997)); phosphate ester linkages formed, for example, by reacting an alcohol 
with a phosphate group; hydrazone linkages which are typically fomied by reaction of a hydrazide and an aldehyde; 
acetal linkages that are typically formed by reaction between an aldehyde and an alcohol; ortho ester linkages that are, 

25 for example, formed by reaction between a formate and an alcohol; and oligonucleotide linkages formed by, for example, 
a phosphoramidite group, e.g., at the end of a polymer, and a 5' hydroxyl group of an oligonucleotide. 
[0092] It is understood by those skilled in the art that the term poly(ethylene glycol) or PEG represents or includes all 
the above forms of PEG. 

[0093] Any of a variety of other polymeric polyols comprising other non-peptidic and water soluble polymer chains can 
30 also be used. 

The polymeric polyol can be linear, or can be in any of the above-described fonns (e.g., branched, forked, and the like). 
Examples of suitable polymers include, but are not limited to, other poly(alkylene glycols), copolymers of ethylene glycol 
and propylene glycol, poly(olefinic alcohol), poly(vinylgyrrolidone), poly(hydroxyalkylmethacrylamide), poly(hydroxyalkyl- 
methacrylate), poly(saccharides), poly(a-hydroxy acid), poly(acrylic acid), poly(vinyl alcohol), polyphosphazene, poly- 
35 oxazoline, poly(N-acryloylmorpholine), such as described in U.S. Patent No. 5,629,384, and copolymers, terpolymers, 
and mixtures thereof. 

[0094] Different polymers can be incorporated into the same polymer backbone. For example, one or more of the 
PEG molecules in the branched structures shown in Fomiulas l-lll can be replaced with a different polymer type. 
Any combination of water soluble and non-peptidic polymers may be used. 

40 [0095] The molecular weight of the polymeric polyol will vary depending on the desired application, the configuration 
of the polymer structure, the degree of branching, and the like. Generally, polymers having a molecular weight of about 
1 00 Da to about 1 80,000 Da are useful, preferably about 500 Da to about 60,000 Da, and more preferably about 5,000 
Da to about 40,000 Da. Exemplary polymer embodiments have a molecular weight of approximately 1 ,000 Da, 2,000 
Da, 3,000 Da, 4,000 Da, 5,000 Da, 7,500 Da, 1 0,000 Da, 1 5,000 Da, 20,000 Da, 25,000 Da, 30,000 Da, 35,000 Da, and 

45 40,000 Da. 

[0096] The polymeric polyol is typically dissolved in water or an organic solvent prior to the functionalizing reaction 
discussed below. Any organic solvent compatible with polymers of the type used can be utilized, such as toluene, xylene, 
benzene, dichloromethane, chloroform, acetonitrile, tetrahydrofuran, or acetone. Mixtures of the above solvents or other 

similar solvents known in the art also can be used. 
50 [0097] B. Functionalizing Reaction 

[0098] The reaction step or steps used to react a functionalizing reagent with the polymeric polyol can vary depending 
on a number of factors, including the type of functional group involved, the type and configuration of the polymer, and 
so forth. The exact nature of the reaction sequence is not critical and any known method of functionalizing polymers of 
the type used can be utilized. 

55 [0099] As noted above, in one embodiment, the functionalizing reaction is only allowed to proceed under conditions 
effective to produce a product mixture characterized by a wide difference in the concentrations of the monosubstituted 
product and the di- or other multisubstituted products. Preferably, the reaction is also conducted under conditions effective 
to produce a relatively low content of multisubstituted product. To achieve the desired content disparity, the reaction 
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between the polyol starting material and the functionalizing reagent can be stopped or quenched at the appropriate time 
using any method known in the art, such as by rapidly changing process parameters (e.g., temperature or degree of 
mixing) or by carefully controlling the amount of reactants, thereby controlling the reaction on a stoichiometric basis. 
The appropriate time for stopping or quenching the reaction can be detemiined by obtaining periodic samples of the 

5 reaction mixture and determining the amount of species present (e.g., by chromatographic methods, NMR methods and 
so forth) or by measuring a parameter (e.g., pH) known to correlate with the amount of species present. Alternatively, 
if a significant deficiency of the functionalizing reagent is charged, the reaction will only proceed to partial conversion of 
the diol. In this instance, the reaction may be allowed to proceed to completion. In such cases, knowing the stoichiometry 
of the reactants allows for the estimation of the final compositional components when reference is made to Figure 1 . 

10 [0100] The reaction is generally performed under conditions effective to form no more than about 40 percent of the 
disubstituted polymer. Reactions allowed to continue past this point result in disubstituted polymer being present in an 
amount greater than monosubstituted polymer, with the result that separation becomes increasingly inefficient. While 
no more than about 40 percent of the disubstituted polymer is typically allowed to form, it is often preferred that the 
percent of disubstituted polymer formation is encompassed in one or more of the following ranges: no more than about 

15 35 percent; no more than about 30 percent; no more than about 25 percent; no more than about 20 percent; no more 
than about 15 percent; no more than about 12 percent, and nor more than about 10 percent. In certain embodiments, 
no more than about 8 percent, preferably no more than about 5 percent, more preferably no more than about 2 percent, 
and most preferably no more than about 1 percent of the disubstituted polymer is formed. The functionalizing reaction 
results in a ratio of monosubstituted polymer to disubstituted polymer from about 2:1 to about 40:1, preferably about 4: 

20 1 to about 2.0:1 , and more preferably about 10:1 to about 18:1. 

[01 01 ] Typically, the final f unctionalized polymer mixture will comprise about 8 to about 45 percent, and more preferably 
about 8 to about 30 percent. The final functionalized polymer mixture will typically comprise about 1 to about 40 percent 
of the disubstituted polymer, preferably about 1 to about 12 percent, and more preferably about 1 to about 5 percent. 
Generally, thefinal functionalized polymer mixture will comprise about 1 0 to about 91 percent of the original unsubstituted 

25 polymeric polyol, preferably about 43 to about 91 percent, more preferably about 65 to about 91 percent. 

[0102] The functionalizing reaction typically comprises a nucleophilic substitution reaction or a nucleophilic addition 
reaction (e.g., a Michael addition reaction), wherein the nucleophile can be present on the polymer or the functionalizing 
reagent. For example, the reaction can involve reaction of a hydroxyl group of the polymeric polyol, or an anion thereof, 
as a nucleophile with a suitable electrophilic group. Alternatively, the hydroxyl groups of the polymeric polyol can be 

30 converted into good leaving groups, such as sulfonate esters, and reacted with a functionalizing reagent containing a 
nucleophilic group. 

[0103] The functionalizing reagent will typically comprise a reactive group, X, that is either an electrophilic group 
reactive with a hydroxyl group or anion thereof on the polymeric polyol or, if some or all of the hydroxyl groups of the 
polyol have been converted to good leaving groups, a nucleophilic group. The functionalizing reagent will also comprise 

35 the functional group, Y, that is Intended to be covalently attached to the polymer. Optionally, the functionalizing reagent 
willfurthercompriseaspacermolety linking the reactive group, X, with thefunctlonal group, Y. Exemplary spacer moieties 
include -C(0)-, -C(0)-NH-, -NH-C(0)-NH-, -0-C(0)-NH-, -C(S)-, -CHg-, -CH2-CH2-, -CH2-CH2-CH2-,- 
CH2-CH2-CH2-CH2-, -O-CH2-, -CH2-O-, -O-CH2-CH2-, -CH2-O-CH2-, -CH2-CH2-O-, -O-CH2-CH2-CH2-, -CH2-O- 
CH2-CH2-, -CH2-CH2-O-CH2-, -CH2-CH2-CH2-O-, -O-CH2-CH2-CH2-CH2-, -CH2-O-CH2-CH2-CH2-, -CH2-CH2-O- 

40 CH2-CH2-, -CH2-CH2-CH2-0-CH2-, -CH2-CH2-CH2-CH2-O-, -C(0)-NH-CH2-, -C(0)-NH-CH2-CH2-, -CH2-C(0)-NH- 
CH2-, -CH2-CH2-C(0)-NH-, -C(0)-NH-CH2-CH2-CH2-, -CH2-C(0)-NH-CH2-CH2-, -CH2-CH2-C(0)-NH-CH2-, 
-CH2-CH2-CH2-C(0)-NH-, -C(0)-NH-CH2-CH2-CH2-CH2-, -CH2-C(0)-NH-CH2-CH2-CH2-, -CH2-CH2-C(0)-NH- 
CH2-CH2-, -CH2-CH2-CH2-C(0)-NH-CH2-, -CH2-CH2-CH2-C(0)-NH-CH2-CH2-, -CH2-CH2-CH2-CH2-C(0)-NH-, -C 
(0)-0-CH2-, -CH2-C(0)-0-CH2-, -CH2-CH2-C(0)-0-CH2-, -C(0)-0-CH2-CH2-, -NH-C(0)-CH2-, -CH2-NH-C(0)-CH2-, 

45 -CH2-CH2-NH-C(0)-CH2-, -NH-C(0)-CH2-CH2-, -CH2-NH-C(0)-CH2-CH2-, -CH2-CH2-NH-C(0)-CH2-CH2-, -C(0)-NH- 
CH2-, -C(0)-NH-CH2-CH2-, -0-C(0)-NH-CH2-, -0-C(0)-NH-CH2-CH2-, -NH-CHj-, -NH-CHj-CHg-, -CHj-NH-CHg-, 
-CH2-CH2-NH-CH2-, -C(0)-CH2-, -C(0)-CH2-CH2-, -CH2-C(0)-CH2-, -CH2-CH2-C(0)-CH2-, -CH2-CH2-C(0)-CH2-CH2-, 
-CH2-CH2-C(0)-, -CH2-CH2-CH2-C(0)-NH-CH2-CH2-NH-, -CH2-CH2-CH2-C(0)-NH-CH2-CH2-NH-C(0)-, -CH2-CH2- 
CH2-C(0)-NH-CH2-CH2-NH-C(0)-CH2-, -CH2-CH2-CH2-C{0)-NH-CH2-CH2-NH-C(0)-CH2-CH2-, -0-C(0)-NH-[CH2]h- 

50 (OCH2CH2)j-, bivalent cycloalkyi group, -0-, -S-, an amino acid, -N(RS)-, and combinations of two or more of any of the 
foregoing, wherein R^ is H or an organic radical selected from the group consisting of alkyi, substituted alkyi, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl and substituted aryl, (h) is zero to six, and (j) is zero to 20. Other 
specificspacermoieties have the following structures: -C(0)-NH-(CH2)i.6-NH-C(0)-, -NH-C(0)-NH-(CH2)i.s-NH-C(0)-, 
and -0-C(0)-NH-(CH2)i.g-NH-C(0)-, wherein the subscript values following each methylene indicate the number of 

55 methylenes contained in the structure, e.g., (CH2)i.6 means that the structure can contain 1 , 2, 3, 4, 5 or 6 methylenes. 
Additionally, any of the above spacer moieties may further include an ethylene oxide oligomer chain comprising 1 to 20 
ethylene oxide monomer units [i.e., -(CH2CH20)i.2o]. That is, the ethylene oxide oligomer chain can occur before or 
after the spacer moiety, and optionally in between any two atoms of a spacer moiety comprised of two or more atoms. 
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Also, the oligomer chain would not be considered part of the spacer moiely if the oligomer is adjacent to a polymer 

segment and merely represent an extension of the polymer segment. 

[0104] In one or more embodiments, the functionalizing reagent has the following structure: 

X-(CRiR2)n,-Y Formula IV 

wherein: X is a group reactive with a hydroxyl group or anion thereof, or a good leaving group, in a nucleophilic substitution 
or nucleophilic addition reaction; and Rgare each independently selected H oralkyi; m is 0-10 (e.g., 0, 1, 2, 3, 4, 5, 
6, 7, 8, 9, or 1 0), preferably 1 -3; and Y is a functional group, optionally in protected form, and preferably selected from 
the group consisting of such as aldehyde hydrate, ketone hydrate, amide, amine, hydrazine, hydrazide, thiol, carboxylic 
acid, dithiopyridine, vinylpyridine, phenol, and oxime 

[0105] The X reactive group is preferably a good leaving group, such as halogen (e.g., bromo orchloro) or a sulfonate 
ester (e.g., p-tolylsulfonyl, methylsulfonyl, trifluorosulfonyl, or trifluoroethylsulfonyl), or a substituted or unsubstituted 
vinyl group. The substituting group or groups attached to the vinyl group carbon atoms are typically alkyi, substituted 

alkyi, alkoxy, substituted alkoxy, or halogen. 

[0106] In one or more embodiments, X is halogen, m is 0, and Y is p-tolylsulfonyl, methylsulfonyl, trifluorosulfonyl, or 
trifluoroethylsulfonyl. Other exemplary functionalizing reagents of Formula IV include X'-(CRiR2)m-C(0)-0-Rp, 
CH2=CY'-(CRi R2)„-C(0)-0-Rp, X'-(CRi R2)„-Z, CH2=CY'-(CRiR2)^-Z, X'-(CRi R2)m-CN, and CH2=CY'-(CRi R2)r„-CN, 
wherein X' is Br or CI, Z is an ortho cater, Y' is H, halogen, alkyi, substituted alkyi, alkoxy, or substituted alkoxy, and Rp 
is alkyi or substituted alkyi. If the functional group, Y, of the functionalizing reagent is in protected form, the method 
further comprises deprotecting the functional group. For example, if the Y group is a protected carboxylic acid (e.g., an 
ortho ester or an alkyi ester), the deprotecting step comprises hydrolysis of the protecting group to form the carboxylic 
acid. An exemplary protected carboxylic acid group has the structure -C(0)-0-Rp, wherein Rp is an alkyi or substituted 
alkyi group. Protected carboxylic acids include: esters, such as methyl ester, methoxymethyl ester, methylthiomethyl 
ester, tetrahydropyranyl ester, benzyloxymethyl ester, phenyacyl ester, n-phthalimidomethyl ester, 2,2,2-trichloroethyl 
ester, 2-haloethyl eater, 2-(p-toluenesuifonyl)ethyl ester, t-butyl ester, cinnamyl ester, benzyl ester, triphenylmethyl ester, 
bis(o-nitrophenyl)methyl ester, 9-anthrylmethyl ester, 2-(9,10-dioxo)anthrylmethyl ester, piperonyl ester, trimethylsilyl 
ester, t-butyldimethylsilyl ester and S-t-butyl ester; thiolesters, such as methylthiol, ethylthiol, phenylthiol, p-snitrophe- 
nylthiol, benzylthiol and t-butylthiol; amidates such as 0-alkyl-N-alkyl, 0-aryl-N-alkyl, 0-alkyl-N-aryl, 0-aryl-N-aryl, 2- 
substituted-1-3-oxazolines, 2-substituted-1-3-(4H)-dihydrooxazines; thioamidates, such as S-alkyl-N-alkyI, S-aryl-N- 
alkyl, S-alkyl-N-aryl, S-aryl-N-aryl, 2-substituted-1 ,3-thiazolines, 2-substituted-1,3-(4H)-1,3-dihydrothiazines; amides 
and hydrazides such as N,N-dimethylamide, N-7-nitroindoylamide, hydrazide, N-phenylhydmzide, N,N'-diisopropylhy- 
dxazide, 

[0107] If the Y group is a protected amine (e.g., a carbonitrile group), the deprotecting step can comprise reducing 
the carbonitrile group to form the amine. 

Alternatively, one can consider the carbonitrile group as a protected carboxylic acid and deprotection would involve 
hydrolysis. Protected amines include: carbamates such as 9-fluorenylmethyl, 9-(2-sulfo)fluorenylmethyl, 9-(2,7dibromo) 
fluorenylmethyl, 17-tetrabenzo[a,c,g,/|fluorenylmethyl, 2-chloro-3-indenylmethyl, benz[f]inden-3-ylmethyl, 2,7-di- 
f-butyl-[9-(1 0,1 0-dioxo-1 0,1 0,1 0,1 0-tetrahydrothioxanthyl)]methyl, 1 ,1 -dioxobenz[b]thiophene-2-ylmethyl, 2,2,2-trichlo- 
roethyl, 2-trimethylsilyethyl, 2-phenylethyl, 1-(1-adamantyl)-1-methylethyl, 2-chloroethyl, 1,1-dimethyl-2-haloethyl, 1,1- 
dimethyl-2,2-dibromoethyl, 1 ,1 -dimethyl-2,2,2-trichloroethyl, 1 -methyl-1 -(4-biphenylyl)ethyl, 1 -(3,5-di-f-butylphenyl)-1 - 
methylethyl, 2-(2' and 4'-pyridyl)ethyl, 2,2-bis(4'-nitrophenyl)ethyl, N-(2-pivaloylamino)-1,1-dimethylethyl, 

2- [(2nitrophenyl)dithio]-1-phenylethyl, 2-(N,N-dicyclohexylcarboxamido)ethyl, f-butyl, 1-adamantyl, 2-adamantyl, vinyl, 
allyl, cinnamyl, 2-3'-pyridyl-prop-2-enyl, 8-quinolyl, N-hydroxypiperidinyl, alkyldithio, p-methoxybenzyl, p-nitrobenzyl, 
p-chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl, 9-anthrylmethyl, diphenylmethyl, 2-methylthioethyl, 3-meth- 
ylsulfonylethyl, 2-(p-toluenesulfonyl)ethyl, [2-(1 ,3-dithianyl)]methyl, 4-methylthiophenyl, 2,4-dimethylthiophenyl, 2-phos- 
phonioethyl, 1 -methyl-1 -(triphenylphosphonio)ethyl, 1 ,1 -dimethyl-2-cyanoethyl, 2-dansylethyl, 2-(4-nitrophenyl)ethyl, 4- 
phenylacetoxybenzyl, 4-azidobenzyl, 4-azidomethoxybenzyl, m-chloro-p-acyloxybenzyl, p-(dihydroxyboryl)benzyl, 5- 
benzisoxazolylmethyl, 2-(trifluoromethyl)-6-chromonylmethyl, m-nitrophenyl, 2,5-dimethoxybenzyl, 1 -methyl-1 -(3,5- 
dimethoxyphenyl)ethyl, a-methylnitropiperonyl, o-nitrobenzyi, and 3,4-dimethoxy-6-nitrobenzyl; urea type derivatives 
such as phenothiazinyl-(10)-carbonyl derivative, N'-p-toluenesulfonylaminocarbonyl, N'-phenylaminothiocarbonyl; 
amides such as N-formyl, N-chloroacetyl, N-trichloroacetyl, N-trifluoroacetyl, N-phenylacetyl, N-3-phenylpropionyl, N- 
4-pentenoyl, N-picolinoyI, N-3-pyridylcarboxamido, N-benzoylphenylalanyl derivative, N-p-phenylbenzoyI, N-o-nitroph- 
enylacetyl, N-o-nitrophenoxyacetyl, N-3-(o-nitroph8nyl)propionyl, N-2-methyl-2-(o-nitrophenoxy)propionyl, N-3-methyl- 

3- nitrobutyryl, N-o-nitrocinnamoyI, N-o-nitrobenzoyI, N-3-(4-f-butyl-2,6-dinitrophenyl)2,2-dimethylpropionyl, N-o-(ben- 
zoyloxymethyl)benzoyl, N-2-methyl-2-(o-phenylazophenoxy)propionyl, N-4-chlorobutyryl, N-acetoacetyl, N-3-(p-hy- 
droxyphenyl)propionyl, (N'-dithiobenzyloxycarbonylamino)acetyl, N-acetylmethionine derivative, and4,5-diphenyl-3-ox- 
azolin-2-one; cyclic imide derivatives such as N-phthaloyI, N-tetrachlorophthaloyI, N-4-nitrophthaloyl, N-dithiasuccinoyI, 
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N-2,3-diphenylmaleoyl, N-2,5-dimethylpyrrolyl, N-2,5-bis(triisopropylsiloxy)pyrrolyl, N-2,5-bis(triisopropylsiloxy)pyrrolyl, 
N-1,1,4,4-tetramethyldisilyazacyclopenane adduct, N-1,1,3,3-tetramethyl-1,3-disilaisoindolyl, 5-substituted 1,3-dime- 
thyl-1 ,3,5-triazacyclohexan-2-one, 5-substituted 1 ,3-dibenzyl-1 ,3,5-triazacyclohexan-2-one, 1 -substituted 3,5-dinitro-4- 
pyridonyl, 1 ,3,5-dioxazinyl. These and other protective groups are described in detail in Greene etal., supra. 
5 [01 08] As noted above, in one or more embodiments, the hydroxyl groups of the polyol, or some fraction thereof, are 
converted to a good leaving group prior to reaction with the functionalizing reagent. For example, the hydroxyl groups 
can be converted to a leaving group of structure -Z, wherein Z is halogen or a sulfonate ester, by reacting the polyol 
with a reagent having, for example, the structure X'-SOg-Rs, wherein Rg is alkyi or substituted alky! and X' is Br or CI. 
Preferred Rg groups include p-tolyl, methyl, trifluoromethyl, and trifluoroethyl. In this embodiment, the conversion of the 
10 hydroxyl groups to good leaving groups can serve as the controlling step used to produce the desired disparity in 
concentration between the monosubstituted polymer product and the multisubstituted polymer species. For instance, 
the reaction to convert the hydroxyl groups to good leaving groups can be performed under conditions effective to form 
no more than about 25 percent of the disubstituted polymer (i.e., the polymer species having two hydroxyl groups 
converted to leaving groups) and typically no more than about 12 percent of the disubstituted polymer. In certain em- 
's bodiments, no more than about 8 percent, preferably no more than about 5 percent, more preferably no more than about 
2 percent, and most preferably no more than about 1 percent of the disubstituted polymer is formed. The reaction 
converting hydroxyl groups to leaving groups typically results in a ratio of monosubstituted polymer to disubstituted 
polymer of about 2:1 to about 40:1, preferably about 4:1 to about 20:1, more preferably about 10:1 to about 18:1. 
[0109] D. Optional AII<ylation Step 
20 [0110] If a monofunctional, end-capped polymer is desired, the process can include an alkylation step, either prior to 
or after the above-described functionalizing reaction. Preferably, the alkylation step occurs after the functionalizing 
reaction so that the alkylation reaction can be allowed to go to completion without the need to control the reaction 
stoichiometrically as described more fully below. Typically, the alkylation step will occur before any deprotecting step, 
if needed. 

25 [0111] If the alkylation step is conducted prior to the functionalizing reaction, then the alkylating reaction becomes the 
controlling reaction step that determines the ratio of the monosubstituted polymer to the disubstituted polymer products. 
In this embodiment, the polyol starting material is subjected to an alkylating step, thus forming a mixture comprising an 
unalkylated polymer, a monoalkylated polymer comprising a single alkoxy group, and a dialkylated polymer comprising 
two alkoxy groups, under conditions effective to form at least about 25 mol percent of the dialkylated polymer. This 

30 polymer mixture is then reacted with a functionalizing reagent as described above to form a mixture comprising an 
unalkylated polymer comprising two Y groups, a monoalkylated polymer comprising a single Y group, and a dialkylated 
polymer comprising no Y groups. This polymer mixture can then be purified to provide a monoalkylated, monofunctional 
polymer substantially free from the unalkylated and dialkylated polymer species. In certain embodiments, the alkylation 
reaction is allowed to proceed until at least about 25 mol percent of dialkylated polymer is produced, preferably at least 

35 about 65mol percent, more preferably at leastabout 40 mol percent, andstillmore preferably at leastaboutQO mol percent. 
[01 12] The alkylation step converts hydroxyl groups to alkoxy groups of formula -OR', wherein R' is an alkyI or sub- 
stituted alkyI group, such as C^-G2o alkyI, substituted C^-C2o alkyI, Cj-Cgo alkylene-aryl, and substituted C-^-Cqq alkylene- 
aryl. Preferred R' groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, and benzyl. 

[0113] Preferably, the alkylation reaction comprises treating the polymeric polyol (if the alkylation step occurs prior to 
40 functionalization) or the polymeric mixture (if the alkylation step occurs after functionalization) with any known alkylating 
agent in the art, such as dialkylsulfate, alkyI sulfonates (such as alkyI p-toluenesulfonate, alkyI methanesulfonate, alkyI 
trifluoromethylsulfonate, and alkyI trifluoroethylsulfonate), diazoalkane, alkyI halide, N,N'-dimethylformamide dialkyi 
acetal, 3-alkyl-1 -p-tolyltriazene, trimethylanilinium hydroxide, trialkyloxonium fluoroborate, trimethylsulfonium hexafluor- 
ophosphonate, or alkyI trichloroacetimidate. 
45 [0114] D. Exemplary Reaction Schemes 

[0115] To further illustrate certain embodiments exemplary reaction schemes are provided below. These schemes 
are meant to be representative; details for the following particular transformations and purifications are provided in the 
Examples section. The schemes provided below can be extended to any of the polymers, functionalizing reagents, 
leaving groups, protecting groups, and purification modes described herein. 
50 [0116] Scheme I demonstrates the use of PEG diol as a starting material (ratherthan mPEG) to prepare a monofunc- 
tionalized mPEG. The introduction of an ionizable group, in this case a carboxyl, renders the PEG material suitable for 
an ion exchange chromatographic separation as described in detail herein, to provide monofunotional mPEG that is 
essentially free of diol and diol-derived impurities. 

Generally speaking, the purified monofunctionalized polymers, whether end-capped or not, contain less than 0.3 wt % 
55 of a difunctional polymer. 

The purified mPEG monofunctionalized material, depending upon the nature of the functional group, is of a purity suitable 
for conjugation to a protein, small molecule, surface, or the like, or for any other pharmaceutical application, or may be 
further functionalized to prepare a desired polymer reagent. 
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(v) Chromatographically Purified (CP) Add 

35 

Scheme I 

40 [0117] In Scheme I, PEG diol is used as a starting materiai. In 1(1), the PEG diol is functionalized using an exemplary 
functionalizing agent, bromo-acetic acid methyl ester. The functionalizing reagent reacts with the anionic form of the 
PEG diol to displace the halogen, and form the corresponding methylene methyl ester. As illustrated in Scheme l(i), one 
of the PEG hydroxyl groups is converted to the corresponding methylene methyl ester. Although shown as a simple 
reaction scheme in which only one terminus of the polymer is functionalized, as has been described in great detail herein, 

15 the product of the functionalization reaction is really a mixture of unsubstituted PEG diol starting material, the desired 
mono-substituted PEG-OH product, and the disubstituted PEG ester. The progress of the reaction can be monitored to 
ensure the reaction is stopped or quenched at the desired time, although using a known amount of starting materials 
and a limited amount of the functionalizing reagent will stop the reaction automatically as a result of exhaustion of the 
functionalizing reagent. Again, routine experimentation will provide the amount of functionalizing reagent that results in 

50 the desired amounts of products. 

[0118] With reference to Figure 1, it can be seen that formation of 25% monosubstituted product corresponds to about 
72% unreacted PEG diol and about 3% disubstituted product. Upon formation of 50% monosubstituted PEG product 
(the maximum amount of monosubstituted product that can be formed from diol starting material), the crude product 
mixture contains 25% of each PEG diol and PEG disubstituted product. Figure 1 also demonstrates that as the amount 

55 of disubstituted PEG product in the reaction mixture exceeds 25%, the amount of monosubstituted product concomitantly 
decreases. Thus, the reaction ends (e.g., as a result of depletion of functionalizing reagent) oris quenched uponfonnatlon 
of 25% or less disubstituted product. The progress of the reaction can be monitored using any one of a number of 
analytical techniques, such as ''H NMR or HPLC. 
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[0119] In returning to Scheme I, in l(ii), the hydroxyls in the PEG mixture from l(i), namely those present in the PEG 
diol starting material and the monosubstituted product, are methylated with a protecting group, e.g., tosylate or any other 
suitable protecting group, followed by conversion of the functional group, in this case a methyl ester, to an ionizable 
group, -COOH, designated generally herein as Y. The use of methyl as an alkylating group is preferred when mPEG 

5 functional materials are desired. At this point, the reaction mixture contains neutral dimethoxy PEG (resulting from the 
alkylation step), monofunctional mPEG, CH30(CH2CH20)n-CH2COOH (also referred to as "mPEG carboxymethyl acid"), 
and difunctional PEG, HOOCCH2(OCH2CH2)nOCH2COOH, also referred to as "bis-carboxymethyl PEG"). The mixture 
is then purified to remove neutral PEG, which is nominally dimethoxy PEG but potentially with neutral impurities such 
as PEG diol or mPEG-OH and difunctional PEG. While any of a number of suitable purification techniques may be 

10 employed, generally, chromatography is preferred, and in particular, ion exchange chromatography. The separation of 
PEG diol (optionally in it alkylated form, typically referred to herein as neutral PEG) and disubstituted PEG (also referred 
to herein as difunctional PEG) from the desired monofunctional material is preferably done in a sequential fashion. 
[0120] In Scheme I, the purified, acid is then reduced to the corresponding alcohol to provide mPEG-OH that is 
extremely pure, that is to say, which, in some cases contains less than 1% diol. Although lithium aluminum hydride is 

1S shown as the reducing agent, any suitable reducing agent can be used. Examples include sodium borohydride, sodium 
cyanoborohydride, Hj/palladium, lithium triethylborohydride, HI, alkali metals in liquid ammonia, and zinc with acid or 
base. In some cases, the amount of diol or difunctional material present in the purified material is below current limits 
of detection. Although Scheme I illustrates reduction of the carboxylic acid to the corresponding alcohol to provide mPEG- 
OH of ultra-high purity, this transformation is meant to be illustrative, and any of a number of alternative subsequent 

20 transformations of the polymer acid may be carried out. 

[0121] Scheme I can also be referred to when considering this aspect of the invention more generally. Moreover, 
detailed descriptions of the variables and example thereof are extendable to every aspect of the method to which they 
apply. For instance, any water-soluble non-peptidie polymercan be used in place of PEG. Such a polymer is represented 
generally as HO-POLY-OH, where POLY is the water-soluble and non-peptidic polymer portion of the molecule. Although 

25 not shown in Scheme 1 , the method may optionally include a step wherein the hydroxyl groups in the polymer diol are 
converted to a better leading group, Z. 

Leaving groups include halogens such as iodide, bromide, and chloride, as well as sulfonate esters, -Ng^. Preferred 
leaving groups are groups that are better leaving groups than -OH. As previously described for methylating PEG in 
Figure 1, the conversion to a better leaving group produces a mixture of products, unreacted, unsubstituted polymer 
30 diol starting material, monosubstituted polymer having a single Z group, HO-POLY-Z; and disubstituted polymer com- 
prising two Z groups, Z-POLY-Z. Again, such transformations are typically carried out under conditions effective to form 
no more than about 25 percent of the disubstituted polymer. 

[0122] In a subsequent step, the polymer diol (or the polymer mixture produced in an optional preceding step to convert 
hydroxyls to leaving groups) is reacted, in one or more reaction steps, with a functionalizing reagent. The functionalizing 
35 reagent reacts with the polymer in a nucleophilic substitution or nucleophilic addition reaction. The functionalizing reagent 
is useful for introducing into the polymer a functional group, most preferably an ionizable group, or a precursor to an 
ionizable group, or an ionizable group in protected fonn. 

[0123] In one or more particular embodiments, the functionalizing reagent comprises the structure X-L-Y, wherein X 
is a group that allows the functionalizing reagent to react with the polymer in a nucleophilic addition or substitution 

40 reaction. Preferably, X is a group that reacts with a hydroxyl, optionally in anionic form, or with a carbon atom to which 
the hydroxyl is attached, or is displaced by a hydroxyl. L is an optional linker that is interposed between X and Y. Lq 
indicates the absence of a linker and L^ indicates the presence of a linker, and L encompasses both. Preferably L is 
hydrolytically stable, and is made up of inert or non-reactive atoms or groups of atoms each of the moieties described 
above with respect to the spacer moiety describe above can be an L. 

45 [0124] In one or more embodiments, L has a structure -(CRiRg)^-, where R^, in each occurrence, is independently 
H or an organic radical selected from the group consisting of alkyi, substituted alkyi, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, aryl, and substituted aryl; and Rg, in each occurrence, is independently H or an organic radical 
selected from the group consisting of alkyi, substituted alkyi, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
aryl, and substituted aryl, and m ranges from 0-15. For example, m may be 0, 1, 2, 3, 4, 5, 6, 7,8,9,10,11,12,13,14, 15. 

50 In one or more embodiments, R^ and Rg are each independently H or alkyi, and m ranges from 0-1 0. Typically, the alkyi 
group is straight chain lower alkyi or branched lower alkyi such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec- 
butyl, pentyl, etc., with straight chain being generally preferred. One particularly preferred alkyi substituent is methyl. In 
one of more embodiments thereof. R., and Rg are each independently H or lower alkyi, In yet one or more additional 
embodiments, R., and Rg are each H, and m is 1 , 2, 3, 4, 5, 6, 7, 8, 9, or 1 0. In addition, L can be -(CR., R2)m" where R^ 

55 on the carbon proximal to Y is alkyi, and in all other occurrences, R^ and Rg are H. In one particular embodiment of the 
preceding, R^ is methyl or ethyl or propyl. Alternatively, L is -(CRiRg)^- where R^ on the carbon beta to Y is alkyi, 
preferably methyl or ethyl or propyl of isopropyl, and in all other occurrence, and R2 are H. Although any of the 
exemplary spacer moieties described supra can be an L moiety, preferred L moieties in some embodiments possess a 
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structure selected from -CHg-, -CHj-CHj-, -CHg-CHs-CHg-, -CH2-CH(CH3)-, -CHg-CHiCHgCHg)-, -CH(CH3)CH2-, 
-CH2"CH(CH3)-CH2", -CH2"CH2"CH2~CH2", -CH2"CH2"CH-2"CH(CH3)-, -CH2"CH2"CH(CH2)-CH2", -CH2"CH 
(CH3)-CH2-CH2-, -CH(CH3)-CH2-CH2-CH2- -O-CH2-, -CH2-O-, -O-CH2-CH2-, -CH2-O-CH2-, -CH2-CH2-O-, -O- 
CH2-CH2-CH2-, -CH2-O-CH2-CH2., -CH2-CH2-O-CH2-, -CH2-CH2-CH-O-, -O-CH2-CH2-CH2-CH2-, -CH2-O- 

5 CH2-CH2-CH2-, -CH2-CH2-O-CH2-CH2-, -CH2-CH2-CH2-O-CH2-, -CH2-CH2-CH2-CH2-O-. 

[0125] Preferably, Y Is an lonlzable functional group, lonlzable functional groups are particularly well suited for the 
chromatographic purifications and can be exploited as a means to separate unsubstltuted, monosubstltuted, and dls- 
ubstltuted polymer species contained In a mixture. Relative amounts of the various polymer species are Ideally carried 
through the various transfomriatlons, thereby forming a mixture comprising a neutral polymer of formula HO-POLY-OH, 

10 a monosubstltuted polymer of formula HO-POLY-L-Y, and a disubstltuted polymer of formula Y-L-POLY-L-Y, where 
ideally, no more than about 25 percent of the disubstltuted polymerspecles relative to the otherpolymerspecies is present. 
[0126] Optionally, the method may further comprise alkylating the polymer mixture produced in eitherthe first or second 
steps to convert the remaining hydroxyl groups to alkoxy groups. Thereafter, the resulting polymer mixture can be purified 
using, for example, ion exchange chromatography, to provide a substantially pure monosubstituted polymer comprising 

15 a single -L-Y group, and in the case where an alkylatlon has been conducted, to provide a substantially pure monosub- 
stituted methoxy-terminated polymer. 

[0127] Scheme II provides another representative embodiment of the method. In Scheme II, PEG diol Is first methylated 
to provide a polymer mixture as previously described (11(1)). The alkylated polymer mixture is then reacted with a func- 
tlonalizing agent. In this case, 1 -(3-bromo-propyl)-4-methyl-2,6,7-trloxa-bicyclo[2.2.2]octane (ll(li)). As can be seen, the 

20 functionalizing agent possesses a group. In this case, Br", that Is displaced by the counter anion of hydroxide. The Br" 
is an example of the variable, X. The functionalizing agent also contains Y, in this case a protected carboxylic acid. 
Specifically, Y Is an ortho ester, 4-methyl-2,6,7-trioxabicyclo[2.2.2.]octane, but can be any carboxyl protecting group. 
The linker portion, L, In the functionalizing agent, is -(CH2)2-- The protecting group is then removed. In this instance by 
hydrolysis, to produce a PEG carboxylic acid (ll(ill)). As described previously, although shown as the mFEG-acid, the 

25 mPEG acid is really present in a mixture comprising neutrai PEG, dimethoxy PEG, the desired monofunctional mPEG- 
acld, as well as the difunctlonal material, 

HOOC-GH2GH2-(OCH2CH2)n-0-CH2CH2CGOH. The monofunctional PEG carboxylic acid Is then purified, e.g., by ion 
exchange chromatography. Scheme II can also be modified to conduct the alkylatlon step following the Introduction of 
the ortho ester (I.e., after reaction with the functionalizing reagent). 

30 
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[0128] In illustrative Scheme III below, a Michael-type addition reaction is used to functionalize a PEG diol by intro- 
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duction of a carbonitrile group. Generally speaking, the functionalizing reagent in tine method in this instance is a IVIichael 
type reagent. In (lll(iii)), the functionalizing reagent is a carbonitrile, In this case, the functionalizing agent contains a 
functional group, Y, where Y is a nitrile, and is part of a Michael type reagent. The nitrile is a precursor to an ionizable 
group. In Scheme III, X is -CHg, and the linker, L, in the polymer nitrile product mixture is -CHgCHg-. The nitrile is then 

5 reduced to an amine using a reducing agent, e.g., over a metal catalyst such as rhoditun-containing catalysts, nickel, 
palladium or platinum. Scheme III demonstrates a diol as the precursor for the Michael addition reaction, however, if 
desired, the PEG diol can first be alkylated, or alternatively, can be alkylated subsequent to the Michael addition. The 
polymer amine-mixture is then purified, e.g., by ion exchange chromatography. Introduction of an ionizable group such 
as an amine makes this approach particularly suitable for an ion exchange-based separation to yield essentially pure 

10 monoamine, absent neutral and disubstituted polymer species. 




25 

.„-K/i/v™' ^./K/i/v^ 

(iii) ChramatographicaOypDririeil (CP) Amine 

30 

Scheme HI 

[0129] Other Michael-type reagents can be substituted for the carbonitrile shown in Scheme III. For example, the 
35 following reagents can be used as Michael Type reagents, 

X" X'" o 

40 H2C=C — C=N and H2C=C — C— NHg 



wherein X" is halo or alkyi and X'" is H, halo, or alkyl. 

[0130] The CP amine shown in Scheme III can be used to prepare a variety of heterobifunctional derivatives by further 
15 functionalizing either the amino terminal or the terminal -OH group. Moreover, by using a chromatographically purified 
material such as the CP amine, any such heterobifunctional polymer prepared therefrom will be essentially free of 
polymeric contaminants such as the neutral and disubstituted polymer species described herein. 
[0131] One such representative reaction scheme is provided as Scheme IV below. In Scheme IV, the CP amine from 
Scheme III is converted into amaleimide by transformation of the amino group. This synthetic approach is advantageous 
50 since maleimide-terminated polymers are particularly useful for conjugation to thiol-containing moieties, such as the 
cysteines in proteins. Moreover, the heterobifunctional maleimide ami no-terminated polymer can then be further trans- 
formed, if desired, by further functionalization at the hydroxyl tenninus. 
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[0132] In Scheme IV, the CP amine Is converted to the maleimide by reaction with N-methoxycarbonylmaleimide2,5- 
dloxo-2,5-dlhydro-pyrrole-1-carboxylic acid methyl ester. Additional maleimldyl polymer derivatives that can be prepared 
from the chromatographically purified starting materials described herein, as well as methods that can use the chroma- 
tographically purified starting materials described herein, are disclosed In U.S. Patent No. 6,602,498. This reaction 
approach can be employed with any chromatographically purified polymer amine prepared by the methods described 
herein. Again, as with all of the Illustrative schemes herein, the scheme below is applicable to any of the herein described 
polymers, functlonallzing reagents and purified monofunctional polymers. 

[0133] In Scheme IV (as well as each of Schemes I, II, III and V), (n) is a positive integer, typically in at least one of 
the following ranges: from 2 to 3,000; from 10 to 2,000; and from 100 to 1000. In addition, each hydrogen of the hydroxyl 
groups shown in Scheme IV can optionally be an organic radical, typically an alkyi (such as lower alkyi) including benzyl. 
The amine terminated polymer in Scheme IV is a useful starting material to form the polymeric reagent bearing a terminal 
malelmldic group (as shown in Scheme IV) that can be used, for example, in a conjugation reaction with a biologically 
active protein. 

[0134] Scheme V represents yet another part:icular embodiment of the method. Generally, hydroxyls on a polymer 
did (or on an end-capped polymer alcohol) are first transformed to a better leaving group. An exemplary leaving group 
shown here is mesylate or methanesulfonyl, although any suitable leaving group may be used. In the first step of this 
approach, conversion Is preferably held to about 20% so as to reduce the ultimate amount of dif unctional amine formed. 
Again, although a single monofunctionallzed polymer species is shown in V(i), the monofunctionalized polymer is really 
present in a reaction mixture containing unreacted starting material and polymer di-mesylate. The polymer mesylate, 
HO-POLY-IVIs, can then be reacted with a variety of different functlonallzing agents. In this approach, the functlonallzing 
reagents react with the polymer via a nucleophllic substitution reaction, such that the -Oiy^s group on the polymer is 
displaced. I n reaction V(ii-a), the functlonallzing reagent can be described generally as X-L-Y, where X is -O, L Is -(01-12)3-, 
and Y is -NI-I2. In reaction V(ii-b), the functlonallzing reagent Is ammonia, which again acts to displace -OMs. The third 
reaction V(ii-c) illustrates a functlonallzing reagent having a four carbon linl<er rather than a three carbon linl<er as in V 
(ll-a). Each of these reaction mixtures Is particularly suited for purification by ion exchange chromatography as described 
herein, to provide essentially pure monofunctionalized, monosubstituted polymers. These polymers may be used directly, 
e.g., to prepare functlonalized active agents, hydrogels, or any other such suitable application, or may be further func- 
tionallzed as described above. 
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[0135] B. Purification Step 

[0136] The process of functionalizing a polymer diol orpolyol starting material results in a mixture of products, including 
a monosubstituted polymer and one or more multisubstituted polymer species (e.g., a disubstituted polymer). Thus, in 
order to make the method of the utmost practical utility, the product polymer mixture is purified to separate the mono- 
substituted polymer from the di- or multi-substituted polymer, as well as any remaining unreacted poiymer dioi, poiyol, 
or other neutral polymer species. Any of a number of purification techniques can be used. 

[0137] in a preferred embodiment, in particuiar where the poiymer mixture contains polymer species having ionizabie 
functional groups, ion exchange chromatography is employed to separate the various polymerconstituents of the product 
mixture based on their differences in charge. 

Described herein is an improved ion exchange chromatography approach that overcomes the problems associated with 
other commonly employed, e.g., gradient, ion exchange methods used to separate polymers. This process is referred 
to as gradient polymer elution chromatography, and differs from the method in many respects. 
[0138] Gradient based chromatography involves changing the ionic strength of the mobile phase or eluent to drive 
differently charged molecules off an ion exchange column at different intervals. Generally, in a gradient chromatography, 
a gradient is applied that changes from a poor or low eluting strength solvent to a good or high-eluting strength solvent, 
based upon the relative affinity of the column versus the mobile phase for a particular polymer. 
[01 39] In a typical gradient separation, a sample is applied to a column and a low eluting strength solvent is employed, 
so as not to allow any separation to occur initially. Rather, the mixture components are collected at the top of the column, 
in a concentrating step. The gradient is then progressed and the ionic strength of the solvent is gradually increased until 
"good" or high eluting strength solvent conditions are achieved such that sample components begin their separation 
and begin to migrate. Charged substances are separated via column materials carrying an opposite charge. Species 
with a higher charge are bound to an ion exchange column more strongly, while the less highly charged species elute 
more rapidly. The strength of the eluent is typically altered by changing pH, buffer, and/or salt concentration (ionic 
strength). Techniques that rely upon gradient separation are tedious, time-consunmig, use large volumes of solvent, 
and require analysis of multiple fractions. Thus, gradient type methods are poorly suited for conunercial-scale processes. 
Moreover, gradient-based separation techniques also rarely achieve high purity levels of any given polymer (e:g., in 
reference to the number of various polymer species present and the polydispersity of the purified polymer product), 
particularly when separating higher molecular weight polymer species. 

[01 40] The ion exchange separation process provides superior separations and purification of polymer mixtures that 
contain multivalent anions or cations. More specifically, the method is well suited for polymer mixtures that contain 
uncharged andcharged substances differing in charge, e.g., polymerthat are uncharged, singly charged, doubly charged, 
triply charged, and so on (that is, to say, two or more species having ionizabie groups that under certain pH conditions, 
carry different charges). One such example is a polymer mixture containing a neutral polymer (i.e., a polymer diol or 
polyol or a mono- or dialkylated polymer absent an ionizabie functional group), a monosubstituted polymer having a 
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single ionizable group, such as an amine or carboxylic acid group, and a di- or multi-substituted polymer having two or 
more ionizable functional groups. Separation is achieved by relying upon differences in charge, and, in certain embod- 
iments, differences in molecular weight. Rather than eluting species having different charges from a single column (or 
a number of single column chromatograph separations) by changing the ionic strength of the eluate in a stepwise, 
5 gradient fashion, the present method involves the use of discrete columns and discrete eluates. Generally, a solvent 
having a constant or static concentration as it is fed into a column is used. That is to say, the solvent feed as is enters 
the column is of a constant, non-gradient composition. The ionic strength and/or pH of the solvent is adjusted to suit the 
polymer species being eluted from the column. 

[0141] Specifically, the method involves the use of more than one ion exchange column to achieve ultra high purity 
10 mono-substituted polymers, e.g., typically containing less than 0.3% by weight difunctionalized or multi-funetionalized 
polymer impurities. 

[0142] The first column(s) or pro-column(s) are sized to adsorb substantially all, and most preferably, all, of the 
disubstituted polymer and other multisubstituted polymer species that are present in a polymer mixture. Typically, de- 
termination of an appropriate size for the first column(s) or pre-column(s) involves the step of establishing column 

15 capacity. Columnn capacity is experimentally determined and typically involves passing a solution containing an excess 
amount of standard solution of one type of species of polymer [e.g., a solution of H0(0)CH20-(CH2CH20)n-CH2C(0) 
OH or H2N-CH2CH2CH20-(CH2CH20)„-CH2CH2CH2-NH2] l<novi?n to adsorb to the stationary phase. This standard is 
added so as to saturate the column, often verified by detecting the polymer species in the eluate retrieved from the 
column. Thereafter, any nonadsorbed species are washed out of the column, typically by passing distilled water through 

20 the column. Next, all polymer species adsorbed on the column are eluted (generally by means of passing a salt solution), 
extracted with organic solvent and then weighed after removal of solvent. This amount corresponds to the column 
capacity. To the extent that two or more columns are provided in series, the overall column capacity of the system is 
equivalent to the added column capacities of the individual columns. 

[0143] Having established column capacity, only column(s) sufficiently sized to adsorb substantially all of the di- or 
25 multisubstituted polymer species (e.g., disubstituted polymer, polymer species comprising two -Lq i-Y groups, ordifunc- 
tional polymer) desired to be removed form a mixture will be used in an initial purification step. A column is sufficiently 
sized in this regard when it has a column capacity greater than the amount of the di- or multisubstituted polymer species 
to be retained from a mixture. As discussed previously, the amount of the polymer species in any mixture can be 
determined by analyzing a sample of the mixture, by having reference to FIG. 1 ., or any other art-known method. 
30 [01 44] Thus, the column capacity of pre-column(s) used in a first eluting step can be one or more of at least a 1 0%, 
at least a 20 %, at least a 30%, at least a 40%, at least a 50%, at least a 60%, at least a 70%, at least a 80%, at least 
a 90%, at least a 100%, and at least a 1 10% increase of the total amount of the polymer species in the mixture to be 
purified. For example, with respect to a first step in a method for purifying of a mixture containing 5g of disubstituted 
polymer, a first ion exchange column having capacity to adsorb 1 0g of the disubstituted polymer can be used (thereby 
35 representing 1 00% increase of the total amount of the difunctional polymer species to be adsorbed on the first column). 
In addition, a mixture containing 25g of disubstituted polymer, a first ion exchange column having capacity to adsorb 
35g of the disubstituted polymer can be used (thereby representing a 40% increase of the total amount of the polymer 
species to be adsorbed on the first column). 

[01 45] With respect to the second column(s) or main column(s) used in the purification step, it is sufficient to have a 
40 column capacity substantially equivalent to the amount of monofunctional polymers within the polymer species to be 
retained from the mixture (e.g., monosubstituted polymer, polymer species comprising one -l-o,i-Y groups, or mono- 
functional polymer). Second or main column(s) having greater column capacities can also be used to prevent any losses 

of monofunctional polymer(s). 

[0146] Having identified appropriate columns, purification can take place. Advantageously, the polymer mixture equil- 
45 ibrates with the solid phase media in the precolumn as the mixture flows through the column to allow the strongest 

binding material (e.g., those species bearing the greatest number of the charges to which the column is directed) to be 

retained. Slower rates of adding the mixture correspond to an increased extent of equilibration. 

[0147] In one or more embodiments, a plurality of "precolumns" (e.g., 2, 3, or 4 precolumns) connected in series is 

used to remove the multisubstituted polymer species, the plurality of precolumns being sized to collectively adsorb all 
50 of the disubstituted polymer and other multisubstituted polymer species. Typically, some amount of monosubstituted 

polymer species will be adsorbed as well, but to a lesser extent since only one ionized species is associated with the 

monosubstituted polymer species. 

[0148] Advantageously, the purification method does not require the use of a distillation step to concentrate solutions 
such as the eluate. Furthermore, the purification method described herein is suited to purify not only relative small 
55 molecularweight polymers (e.g., 2,000 Da), but can be used to purify molecular weight polymers having higher molecular 
weights as well. Thus, the purification method is suited for purifying molecular weights in the following ranges: from 
about 100 Da to about 180,000 Da; from about 3,000 Da to about 120,000 Da; from about 5,000 Da to about 100,000 
Da; from about 8,000 Da to about 100,000 Da; from about 10,000 Da to about 100,000 Da; from about 12,000 Da to 
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about 80,000; and from about 1 5,000 Da to about 80,000 Da. In addition, the equipment used in the purification process 
does not rely on gradients, thereby reducing the need for obtaining many very diluted eluate fractions, which, in turn, 
requires a multitude of collection vessels. Furthermore, the present method uses substantially less volumes of eluent 
compared to prior art methods, typically on the order of less than about 50% eluent, preferably less than about 75% 
5 eluent, more preferably less than about 85% eluent, still more preferably less than about 90% eluent, with eluent amounts 
of less than about 95% relative to prior art methods being most preferred. 

Consequently, the methods described herein require only a single collection vessel, and do not require a distillation step 
to concentrate eluate to enable extraction of purified product. In addition, the apparatuses described herein do not require 
more than a single collection vessel and do not require a means for distillation. 

10 [0149] The eluate from the first column, which contains the monosubstituted polymer and the neutral polymer, is then 
passed through the second (or main) ion exchange column or columns connected in series. The monosubstituted polymer 
is absoriaed onto the second (or main) column(s), which are sized in order to retain preferably all of the monosubstituted 
polymer. The neutral polymer passes through all of the columns and can be collected and possibly recycled for reuse. 
It is generally preferred to wash each column with a solution having low ionic strength (e.g., deionized water) to remove 

15 any remaining neutral polymer thereon. 

[0150] Solutions having the requisite low ionic strength for any particular system are known to those having ordinary 
skill in the art. In addition, solutions having the requisite low ionic strength can be determined through routine experi- 
mentation by passing a candidate solution (typically, although not necessarily, a very weak salt solution or buffered 
solution) through column(s) known to have both charged and neutral polymer species contained therein, collecting the 

20 candidate solution that has passed through the column(s), and then testing the collected solution for the presence of 
any charged polymer species. A candidate solution having passed through the column(s) with no or substantially no 
(e.g., less than 1%) charged polymer species content represents a solution having a low ionic strength for that particular 
system. 

[0151] Retrieval of charged polymerspecies (whether they be singly charged polymerspecies or di- or multiply charged 

25 polymer species) adsorbed onto the ion exchange columns is typically requires desorbing. Desorption typically involves 
passing salt solution having high ionic strength through the column(s), thereby desorbing charged polymer species. For 
instance, the second (or main) column(s) containing monosubstituted polymer can be washed with a salt solution having 
high ionic strength, such as a NaCI solution, to remove and collect a substantially pure monosubstituted polymer product. 
[0152] Salt solutions having the requisite high ionic strength for any particular system are known to those having 

30 ordinary skill in the art:. In addition, solutions having the requisite high ionic strength can be determined through routine 
experimentation by passing a candidate solution through the column(s) having a known amount of charged polymer 
species adsorbed therein, collecting the candidate solution that has passed through the column(s), and then testing the 
collected solution for the presence of charged polymer species. A candidate solution having passed through the column 
(s) with at least about 85%, more preferably at least about 90%, still more preferably at least about 95%, and most 

35 preferably at least about 99% of the known amount of charged polymer species contained therein represents a solution 
having a high ionic strength for that particular system. This procedure can be used to identify a solution having sufficient 
ionic strength so that the solution will desorb dif unctional polymer through the first column or precolumn. 
[01 53] Since the differently charged polymer species have been separated by adsorption on separate columns, there 
is no need to use a salt solution gradient to recover each polymer species separately. Instead, a salt solution having a 

40 constant ionic strength can be used to elute the desired product from each column. 

[0154] If desired, the multisubstituted polymer species absorbed on the precolumn(s) can also be collected by passing 
a salt solution through the precolumn to drive desorption of the polymer. Typically, the precolumn(s) are sized so as to 
ensure absorption of all of the multisubstituted polymer in the feed stream, meaning that some monosubstituted polymer 
will also be absorbed on the precolumn. Thus, purity of the m ultisubstituted product eluate is typically lower as compared 

45 to the monosubstituted product eluted from the one or more additional columns. Preferably, the product eluted from the 
precolumn(s) contain no more than about 70 weight percent monosubstituted polymer, more preferably no more than 
about 50 weight percent, and most preferably no more than about 30 weight percent. If the product eluted from the 
precolumn(s) contain multiple multicharged polymerspecies (e.g., doubly-charged and triply-charged), then a second 
pass through the ion exchange system can be used to further separate the polymer mixture by retaining the higher 

50 charged species in the precolumns (e.g., the triply-charged species) and retaining the less highly charged species (e.g., 
doubly-charged) in the second column. 

[0155] Analytical determination, using an HPLC column that responds to both charge and molecular weight, can be 
used to determine how much of each species is present in a sample, both before being run through a column and after. 
By "substantially pure" is meant that the monosubstituted polymer contains less than about 5 weight percent polymer 
55 impurities, such as multisubstituted polymer or unsubstituted (i.e., neutral) polymer, preferably less than about 3 weight 
percent, more preferably less than about 2 weight percent, and most preferably less than about 1 weight percent. A 
preferred composition will comprise monomethoxy end-capped poly(ethylene glycol) ("mPEG-OH"), wherein the com- 
position has a poly(ethylene glycol) diol content of less than 0.3 wt. %. 
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[0156] If it is desired to narrow the molecularweight range (i.e., polydispersity) ofthemonosubstituted polymer product, 
a series of two or more columns (e.g., 2, 3, 4, 5, 6, 7, 8, 9, or 10 columns) following the precolumn can be used to 
attenuate the molecular weight range of the monosubstituted polymer absorbed on each column. IVIonosubstltuted 
polymer of smaller molecular weight will absorb first, meaning the average molecular weight of the polymer material 

5 absorbed on each successive column will increase. Thus, by increasing the number of columns, one can not only 
separate the monosubstituted polymer from the higher charged species, but also lower polydispersity. In certain em- 
bodiments, the polydispersity of the monosubstituted polymer is reduced by at least about, 0.01 preferably at least about 
0.02, more preferably at least about 0.03, and most preferably at least about 0.05. In an alternative embodiment, if lower 
molecular weight monosubstituted polymer is the desired product, one can simply undersize the second or main column 

10 such that all of the monosubstituted polymer cannot be adsorbed thereon. Since lower molecular weight species will 
selectively bind first, the desired lower molecularweight monosubstituted polymer will absorb on the column. In addition 
or alternatively, one can use several columns and collect lower molecularweight monofunctional polymer from the first 
column in the series of columns following the precolumn. 

[0157] If the original polymer mixture that is subjected to functionalization contains a relatively small amount of polyol, 
1S such as in the case of a polymer starting material comprising an impure mPEG (e.g., an mPEG contaminated with less 
than about 20% by weight PEG diol), then the resulting polymer mixture requiring purification may contain no neutral 
polymer or only a negligible amount of neutral polymer if the functionalization reaction is allowed to proceed to completion. 
In this case, the ion exchange purification system can comprise only a single column sized to absorb all of the multi- 
functional polymer species (i.e., a precolumn). The eluate from the precolumn will then contain only the desired mono- 
20 functional product. 

[0158] Following purification, if desired, the substantially pure monosubstituted polymer can be further modified to 
convert the ionizable functional group to a second functional group, such as hydroxyl, active ester, active carbonate, 
ortho ester, acetal, aldehyde, aldehyde hydrates, ketone, ketone hydrate, alkenyl, acrylate, methacrylate, nitrile, primary 
or secondary amide, imide, acrylamide, active sulfone, amine, hydrazide, thiol, carboxylic acid, isocyanate, isothiocy- 
25 anate, maleimide, substituted succinimide, vinylsulfone, dithiopyridine, vinylpyridine, amidate, 2-substituted-1 ,3-oxazo- 
line, 2-substituted 1 ,3-(4H)-dihydrooxazines, 2,-substituted-1 ,3-thiazoline, 2-substittited 1 ,3-(4H)-dihydrothiazines, hy- 
droxylamine, iodoacetamide, epoxide, glyoxal, dione, mesylate, tosylate, and tresylate. 

[0159] During the ion exchange process, the eluate from each column can be monitored using techniques known in 
the art, such as by measuring the conductivity of the eluate, analyzing the eluate by ion exchange chromatography, size 

30 elision chromatography, high performance liquid chromatography, or thin layer chromatography, or by detecting the 
presence of PEG in the eluate by treating a drop of eluate with a drop of 1% polyacrylic acid (Aldrich, Mn 250,000) in 1 
N HCI ("PAA test"). Presence of PEG is indicated by the immediate appearance of a white precipitate of PBO/PAA 
complex. This test is very specific to the polyether backbone of PEG and not influenced by end group modifications of 
the polymer, molecularweight, or the presence of inorganic ions in the analyzed solution. 

35 Monitoring of the eluate streams is particularly important during the washing step to determine when substantially all of 
the neutral polymer has been removed from the columns. 

[0160] As would be understood in the art, the ion exchange columns utilized can be any ion exchange columns 
conventionally used to separate a mixture based on charge (Ion Exchange Chromatography. Principles and Method. 
Pharmacia Biotech 1994; "Chromatography: a laboratory handbook of chromatographic and electrophoretictechniques." 
40 Heftman, E (Ed.), Van Noostrand Rheinhold Co., New York, 1975). Each column comprises an ion exchange media 
and a mobile phase, or eluent, that passes through the ion exchange media. Ion exchange columns suitable for use 
include POROS® ion exchange media made by Applied Biosystems and SBPHAROSE® ion exchange media made by 
Pharmacia. 

[0161] The ion exchange media, which is typically a polymeric resin (e.g., dextran, agarose, cellulose, styrene-divi- 
15 nylbenzene copolymer) containing charged groups, is selected based on a number of factors, including the charge and 
pKa value of the ionizable functional group present on the polymers to be separated. 

Typically, the ion exchange media is selected so as to provide a sufficient difference in pKa value between the ionizable 
functional group and the ion exchange media to favorably drive absorption of the polymer, preferably a difference of at 
least 4-5 units. As would be understood, the ion exchange media will comprise negatively charged groups (i.e., a cation 
50 exchanger) if the ionizable functional group is positively charged and will comprise positively charged groups (i.e., an 
anion exchanger) if the ionizable functional group is negatively charged. 

Exemplary negatively charged groups that may be used include carboxymethyl (CM), sulphopropyl (SP), and methyl 
sulphonate (S). Exemplary positively charged groups include triethylammoniumethyl (TMAE), diethylaminoethyl (DEAE), 
quaternary aminoethyl (QAE), and quaternary ammonium (Q). 
55 Typically, the media in each column will be the same, but different media could be used in each column. 

[0162] A two column embodiment of the ion exchange system is shown in Figure 2. As shown, the ion exchange 
system 1 0 comprises a feed tank or vessel 12 that contains a supply of the solution of the crude polymer mixture to be 
separated. Typically, the polymer mixture will be dissolved in deionized water or a neutral aqueous solution having very 
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low ionic strength. As noted above, the polymer mixture will often include a neutral or unsubstituted polymer species, 
such as a polymer having the structure HO-POLY-OH or R'O-POLY-OR', a monosubstituted polymer of fonnula HO- 
POLY-L-'Y' or R'O-POLY-L-Y, and a disubstituted polymer of formula Y-L-POLY-L-Y, wherein Y, R', L, and POLY are 
as defined above. 

[01 63] The feed tank 1 2 is in fluid communication with a first ion exchange column or precolumn 1 6 sized to trap higher 
charged species (i.e., a disubstituted polymer). The outlet of the precolumn 16 is in fluid communication with the inlet 
of the second or main ion exchange column 1 8, which is appropriately sized to retain all of the monocharged polymer 
species. The outlet of each column is in fluid communication with one or more product recovery or receiving vessel 20, 
each vessel adapted to receive eluate from one or more of the columns. The salt solutions and neutral solutions used 
to wash the columns and/or recover the absorbed polymer species can be housed in one or more solvent vessels 22, 
which are in fluid communication with the inlet of one or more of the columns. 

[0164] Figure 3 illustrates an embodiment comprising a precolumn 16 and a plurality of second or main columns 18 
that can be used to narrow the molecular weight range of the desired monosubstituted polymer product as explained 
above. 

[0165] F. Exemplary Products 

[0166] As previously discussed, the methods described herein can be used in the preparation of substantially pure 
polymeric reagents. Examples of such products existing as substantially pure compositions with little or no poly(ethylene 
glycol) diol species include the following: 
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wherein (n) is a positive integer, typically falling within at least one of the following ranges: from 2 to 3,000; from 1 0 to 
2,000; from 100 to 1 ,000, and each mPEG is CH3-(OCH2CH2)n-, wherein (n) is as previously defined. 
[0167] The corresponding functional group with optional spacer moiety (e.g, l-o.rY) are evident from the above ex- 
emplary polymeric structures. 
[0168] III. Examples 

[0169] It is to be understood that while the invention has been described in conjunction with certain preferred specific 
embodiments thereof, the foregoing description as well as the examples that follow are intended to illustrate and not 
limit the scope of the invention. Other aspects, advantages and modifications as defined by the appended claims will 
be apparent to those skilled in the art to which the invention pertains. 

[0170] All PEG reagents referred to in the appended examples are commercially available unless othenwise indicated, 
e.g., from Nektar Therapeutics, Huntsville, AL. All ''HNI\/R data was generated by a 300 or 400 MHz NMR spectrometer 
manufactured by Bruker. High Performance Liquid Chromatography (HPLC) was performed using Agilent 1100 HPLC 
system (Agilent), gel permeation or ion exchange column, aqueous phosphate buffer as a mobile phase, and refractive 
index (Rl) detector 

Example 1 

mPEG (20,000 Da)-Butanoic Acid 



[0171] A. 4-Bromobutyrate ester of S-methyl-S-hydroxymethyloxetane (MW = 251 .12) 
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,CH3 /H3 
•CH2OH + Br(CH2)3COCl 



[0172] 3-Methyl-3-hyclroxymethyloxetane(10.2g,0.1 mole) [Sigma-Aldrich Corporation of St. Louis, MO] was dissolved 
in aniiydrous diciilorometliane (200 ml) and pyridine (9.8 ml, 0.12 moles) was added. The solution was cooled to 0°C 
and 4-bromobutyryl chloride (18.5g, 0.1 mole) [Sigma-Aldrich Corporation of St. Louis, MO] dissolved in anhydrous 
dichloromethane (50 ml) was added dropwise over 20 minutes. The mixture was stirred overnight under an argon 
atmosphere. Next, the reaction mixture was washed with water and dried with anhydrous magnesium sulfate. The solvent 
was then distilled off under reduced pressure. Yield 23.6g. NMR (dg-DMSO): 1.26 ppm (s, 3H), 2.07 ppm (m, 2H), 
2.51 ppm (t, 2H), 3.56 ppm (t, 2H), 4.14 ppm (s, 2H), 4.24 ppm (d, 2H), 4.38 ppm (d, 2H). 
[0173] B. 1-(3-Bromopropvl)-4-methvl-2,6,7-trloxablcvclor2,2,2]octan (MW= 251.12) 
[01 74] (4-Bromobutanoic acid OBO ester) 



(CH2)3Br 



Br (CH:)3 ^;^0 CH2-^ 



O CH, 

[0175] Crude 4-bromobutyrate ester of 3-methyl-3-hydroxymethyloxetane (20.1 g, 0.08 moles) was dissolved in an- 
hydrous dichloromethane (100 ml), the solution was cooled to 0°C and boron trifluoride diethyl etherate (2.5 ml, 0.022 
moles) was added. The mixture was stirred for 4 hours at 0°C. Triethylamine (12 ml) was added, the mixture was stirred 
for 15 minutes, and the solvent was distilled off under reduced pressure. The crude product was dissolved in ethyl ether 
(1 80 ml) and the solution was filtered to remove the solid impurities. Next, ether was distilled off and the product was 
distilled under reduced pressure (kugelrohr, 110-115 °C, 0.05 mm Hg). Yield 15.0g. NMR (dg-DMSO): 0.74 ppm (s, 3H), 
1 .68 ppm (m, 2H), 1 .88 ppm (m, 2H), 3.52 ppm (t, 2H), 3.81 ppm(s, 6H). 
[0176] C. PEG(20,000 Da)-Butanoic Acid 

[0177] A solution of commercially available PEG (Mn = 20,300 Da, polydispersity 1 .040) (SO.Og, 0.005 equivalents) 
in toluene (300 ml) was azeotropically dried by distilling off 50 ml toluene. 1.0M solution of potassium tert-butoxide in 
tert-butanol (5.0 ml, 0.005 moles) and 1-(3-bromopropyl)-4-methyl-2,6,7-trioxabicyclo[2,2,2]octane (0.65g, 0.0025 
moles) were added and the mixture was stirred overnight at 70 °C under an argon atmosphere. Next, 1 .OM solution of 
potassium tert-butoxide in tert-butanol (18.0 ml, 0.018 moles) and methyl p-toluenesulfonate (4.4g, 0.0239 moles) were 
added and the mixture was stirred overnight at 45 °G under an argon atmosphere. The solvent was distilled off under 
reduced pressure and the residue was dissolved In distilled water (450 ml). The pH of the solution was adjusted to 2 
with 5% phosphoric acid and the solution was stirred for 15 minutes at room temperature. Next, the pH was readjusted 
to 1 2 with 1 M sodium hydroxide and the solution was stirred for 2 hours keeping the pH at 1 2 by periodic addition of 1 M 
sodium hydroxide. The pH was adjusted to 3 with 5% phosphoric acid and the product was extracted with dichloromethane. 
The extract was dried with anhydrous magnesium sulfate and added to ethyl ether. The precipitated product was filtered 
off and dried under reduced pressure. Yield 44.7 g. NMR (dg-DMSO): 1.72 ppm (q, CHg-CHyCO-) 2.24 ppm (t, -CHg 
-C00-), 3.24 ppm (s, -OCHg), 3.51 ppm (s, PEG backbone). 
[0178] D. Purification 

[0179] The product from (C) above was detennined to be a mixture of polymer species. An HPLC chromatogram 
revealed that the polymer mixture product from C included PEG(20,000 Da)-dibutanoic acid (26.1%), mPEG(20,000 
Da)-butanoic acid (50.4%), and PEG(20,000 Da) dimethyl ether (23.5 %). A purification was carried out to obtain purified 
mPEG(20,000 Da)-butanoic acid. 

[01 80] The above mixture of products from C was dissolved in distilled water (4470 ml) and the resulting solution was 
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passed through a first chromatographic column (precolumn) filled with 300 ml of anion exchange gel: DEAE SEPHA- 
ROSE® Fast Flow (Pharmacia). This amount of anion exchange gel was only able to retain about 35% of PEG acids 
present in the polymer mixture from step C. Column capacity was previously detemiined In small scale laboratory 
experiments. The anion exchange chromatogram revealed that the eluate contained only mPEG(20,000 Da)-butanoic 
5 acid and PEG(20,000 Da) dimethyl ether. PEG(20,000 Da)-dibutanoic acid and a portion of mPEG(20,000 Da)-butanoic 
acid were absorbed by the gel in the precolumn. 

[0181] Next the eluate collected from the precolumn was applied to a second column (main column) containing 1000 
ml of DEAE SEPHAROSE® Fast Flow gel. The amount of anion exchange gel in the column was sufficient to retain all 
mPEG(20,000 Da)-butanoic acid present in the eluate from the first column. Column capacity was previously determined 
10 in small scale laboratory experiments. An anion exchange chromatogram showed that the eluate from the second or 
main column contained only PEG(20,000 Da) dimethyl ether. 

Anion exchange chromatography showed that the only polymer adsorbed on the second column was mPEG(20,000 
Da)-butanoic acid, which was eluted using 5% NaCI solution (1500ml). 

[01 82] The pH of the eluate from the second or main column was adjusted to 3 by addition of 5% phosphoric acid and 
15 the product was extracted with dichloromethane. The extract was dried over anhydrous magnesium sulfate, the drying 
agent removed, and the dried solution was added to ethyl ether to precipitate the purified product. The precipitated 
product was filtered off and dried under reduced pressure. Yield 14.4 g. NMR (dg-DMSO): 1.72ppm (q, CH>, -CH,-COO-) 
2.24 ppm (t, -CH2 -C00-), 3.24 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 

[01 83] Anion exchange chromatography: mPEG(20,000 Da)-butanoicacid 1 00%. (no otherpolymerspecies detected). 
20 Gel permeation chromatography: Mn = 20,700 Da, polydisperslty 1 .01 0. 

[0184] The product eluted from the first column (precolumn) contained both some mPEG(20,000 Da)-butanoic acid 
and the PEG(20,000 Da)-dibutanoic acid. 

Example 2 

25 

mPEG (20,000 Da)-Amine 

[0185] A solution of commercially available PEG (Mn = 20,300 Da) (50.0g, 0.005 equivalents) in toluene (300 ml) was 
azeotropically dried by distilling off 50 ml toluene. Dichloromethane (60 ml), triethylamine (1.40 ml, 0.0100 moles), and 

30 methanesulfonyl chloride (0.35 ml, 0.00452 moles, 90.4% of stoichiometric amount) were added and the mixture was 
stirred overnight at room temperature under argon atmosphere. The mixture was filtered and the solvents were distilled 
off under reduced pressure. The residue was dissolved in anhydrous toluene (250 ml) and sodium methoxide (25% 
solution in methanol, 23.0 ml) was added. The mixture was stirred overnight at 70 °C under an argon atmosphere, filtered 
and the solvents were distilled off under reduced pressure. The crude product was dissolved in 500 ml distilled water. 

35 NaCI (40 g) was added and the pH of the solution was adjusted to 7.2 with 5% phosphoric acid. The product was extracted 
with dichloromethane. The extract was dried over anhydrous magnesium sulfate, filtered, and the solvent was distilled 
off under reduced pressure. Yield 43.3g. NMR analysis showed that 79 % of PEG-OH groups were converted to PEG- 
OCH3 groups. 

[0186] The obtained partially methylated PEG(20,000 Da) (20.0 g) was dissolved in toluene (1 50 ml) and the solution 
40 was azeotropically dried by distilling off 50 ml of toluene. Dichloromethane (25 ml), triethylamine (0.60 ml), and meth- 
anesulfonyl chloride (0.30 ml) were added and the mixture was stirred overnight at room temperature under n argon 
atmosphere. The mixture was filtered and the solvents were distilled off under reduced pressure. The product was then 
dissolved in dichloromethane (30 ml) and 500 ml of isopropyl alcohol was added. The precipitated product was filtered 
off and dried under reduced pressure giving 19.5 g of product. NMR analysis showed that the product contained 79 % 
15 of PEG-OGH3 groups and 21 % of PEG-methanesulfonate groups. 

[0187] The product was then dissolved in 350 ml of ammonium hydroxide (30%) and the solution was stirred for 70 
hours at room temperature. The resulting mixture of methoxy-PEG-amine products was extracted with dichloromethane. 
The extract was dried with anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The 
product was re-dissolved in dichloromethane (30 ml) and precipitated with 500 ml of isopropyl alcohol. Yield 1 5.2 g. 
50 [0188] Analysis of relative proportions of polymer species by cation exchange chromatography: PEG(20,000 Da)-di- 
amine 4.7 %, mPEG(20,000 Da)-amine 30.4%, PEG(20,Q00 Da) dimethyl ether 64.9%. 

[0189] The above mixture was dissolved in distilled water (1500 ml) and the resulting solution was passed through a 
first chromatographic column (precolumn) filled with 40 ml of cation exchange resin POROS® 50 HS (Applied Biosys- 
tems). This amount of cation exchange gel was only able to retain about 10% of PEG amines present in the polymer 
55 mixture. Column capacity was previously determined in small scale laboratory experiments. 

[0190] Cation exchange chromatography showed that the eluate from the precolumn contained only mPEG(20,000 
Da)-amine and PEG(20,000 Da) dimethyl ether. PEG(20,000 Da)-diamlne and part of mPEG(20,000 Da)-amine were 
adsorbed by the resin in the precolumn. 
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[0191] Next, the eluate from the precolum was applied to the second column (main column) containing 300 ml of 
POROS® 50 MS resin. The amount of cation exchange gel in the column was sufficient to retain all mPEG(20,000 
Da)-amine present in the eluate from the first column. Column capacity was previously detemiined in small scale labo- 
ratory experiments. Cation exchange chromatography showed that theeluatefrom the second (ormain)column contained 
5 only PEG(20,000 Da) dimethyl ether, leaving solely the desired monofunctionalized polymer on the second (or main) 
column. The mPEG(20,000 Da)-amine, adsorbed on the second (or main) column, was then eluted using a 5% NaCI 
solution (600ml). 

[01 92] The pH of the second (or main) column eluate was adjusted to 1 1 with 0.5 M sodium hydroxide and the product 
was extracted with dichloromethane. The extract was dried over anhydrous magnesium sulfate, filtered, and added to 
10 ethyl ether. The precipitated product was isolated by filtration and dried under reduced pressure. Yield 3.1 g. 
[0193] NMR (dg-DMSO): 2.64 ppm (t, -CHp-NHp), 3.24 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 
[0194] Analysis by cation exchange chrornatography revealed that the collected, dried product contained 100% m- 
PEG(20,000 Da)-amine, free from detectable amounts of neutral or difunctionalized polymer. 

is Example 3 

mPEG (20,000 Da)-Carboxvlic Acid, sodium salt 

[0195] A solution of commercially available PEG (Mn = 20,300 Da, polydispersity 1.040) (50.0g, 0.005 equivalents) 

20 in toluene (300 ml) was azeotropically dried by distilling off 50 ml toluene. Dichloromethane (60 ml), triethylamine (1 .30 
ml, 0.0093 moles), and methanesulfonyl chloride (0.30 ml, 0.00388 moles, 77.5% of stoichiometric amount) were added 
and the mixture was stirred overnight at room temperature under an argon atmosphere. The mixture was filtered and 
the solvents were distilled off under reduced pressure. The residue was dissolved in anhydrous toluene (250 ml) and 
sodium methoxide (25% solution in methanol, 21 .0 ml) was added. The mixture was stirred overnight at 70°C under an 

25 argon atmosphere. The mixture was then filtered and the solvents were distilled off under reduced pressure. The crude 
product was dissolved in 500 ml distilled water, NaCI (40 g) was added and the pH of the solution was adjusted to 7.2 
with 5% phosphoric acid. The product was extracted with dichloromethane. The extract was dried with anhydrous 
magnesium sulfate and the solvent was distilled off under reduced pressure. Yield 44.1 g. NMR analysis showed that 
66 % of PEG-OH groups were converted to PEG-OCH3 groups. 

30 [0196] The partially methylated PEG (20,000 Da) (40.0 g) obtained above was dissolved in toluene (1 50 ml) and the 
solution was azeotropically dried by distilling off 50 ml of toluene. Next a 1 .OM solution of potassium tert-butoxide in tert- 
butanol (8.2 ml, 0.0082 moles, 6.0 fold excess) was added to the above reaction mixture. Ethyl bromoacetate (1 .13 ml, 
0.01 02 moles, 7.5 fold excess) was then added and the mixture was stin-ed ovemight at 50 °C under an argon atmosphere. 
The solvent was distilled off under reduced pressure and the residue was dissolved in distilled water (500 ml). The pH 

35 of the solution was adjusted to 1 2.1 0 with 1 M sodium hydroxide and the solution was stirred overnight, keeping the pH 
at 12.10 by periodic addition of 1M sodium hydroxide. The pH was adjusted to 1.0 with 1M hydrochloric acid and the 
product was extracted with dichloromethane. The extract was dried with anhydrous sodium sulfate, concentrated, and 
added to ethyl ether. 

The precipitated product was filtered off and dried under reduced pressure. Yield 34.7 g. NMR (dg-DMSO): 3.21 ppm 

40 (s, -OCH3), 3.51 ppm (s, PEG backbone), 4.01 ppm (s, -CHj- C00-). 

[0197] Analysis by anion exchange chromatography: PEG(20,000 Da)-dicarboxylic acid (11.5%), mPEG(20,000 
Da)-carboxylic acid (45.0%), PEG(20,000 Da) dimethyl ether (43.5%). NMR analysis showed that the product contained 
66 % of PEG-OCH3 groups and 34% of PEG-cartDoxylic acid groups. 

[01 98] The above mixture was dissolved in distilled water (3500 ml) and the resulting solution was eluted through the 
15 first chromatographic column (precolumn) packed with 200 ml of anion exchange gel: DEAE SEPHAROSE® Fast Flow 

(Pharmacia). 

[01 99] Anion exchange chromatographic analysis revealed that the eluate contained only mPEG(20,000 Da)-cariD0X- 
ylic acid and PEG(20,000 Da) dimethyl ether. All of the PEG(20,000 Da)-dicarboxylic acid and part of the mPEG(20,000 
Da)-carboxylic acid were adsorbed (retained) by the gel in the precolumn. 
50 [0200] Next, the solution was applied to the second column (main column) containing 800 ml of DEAE SEPHAROSE® 
Fast Flow gel. Anion exchange chromatography revealed that the eluate from the column contained only PEG(20,000 
Da) dimethyl ether. The mPEG(20,000 Da)-carboxylic acid, adsorbed (retained) on the column, was eluted using 5% 
NaCI solution (1100ml). 

[0201] The pH of the eluate was then adjusted to 7 and the product was extracted with dichloromethane. The extract 
55 was dried with anhydrous magnesium sulfate and added to ethyl ether to precipitate the purified monocarboxylic acid 
polymer. The precipitated product was filtered off and dried under reduced pressure. Yield 13.2 g. NMR (dg-DI\yiSO): 
3.21 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone), 4.01 ppm (s, -CHg-COO-). 

[0202] Anion exchange chromatography revealed the recovered product to be 100% mPEG(20,000 Da)-carboxylic 
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acid, without any detectable amounts of PEG(20,000 Da) dimethyl ether or PEG(20,000 Da)-dicarboxylic acid. 

Example 4 

5 Diol-free mPEG-20,000 Da 

[0203] mPEG(20,000 Da)-carboxylic acid, sodium salt, (1 0.0 g, 0.00050 moles) was dissolved in 1 50 ml toluene and 
the solvent was distilled off to remove traces of water. The dried product was dissolved in anhydrous tetrahydrofuran 
(1 00 ml) at 40-45 °C and lithium aluminum hydride (1 .OM solution in tetrahydrofuran, 1 .5 ml, 0.001 5 moles) was added. 

10 [0204] The mixture was stirred at 45 °C overnight under argon atmosphere. Ethyl acetate (0.5 ml) was added, the 
mixture was stirred 30 min, then the mixture was cooled to about 30 °C and water (0.06 ml) was added and the mixture 
was stirred 10 min. Next sodium hydroxide (15% solution in water, 0.06 ml) was added, the mixture was stirred 10 min, 
and finally water (0.18 ml) was added, the mixture was stirred 15 min, and then was filtered to remove precipitated 
aluminum salt. To the filtrate, isopropyl alcohol (500 ml) was added, and the precipitated product was filtered off and 

75 dried under reduced pressure. Yield 8.7 g. NMR (dg -DMSO): 3.21 ppm, (s, 3H, -OCH3); 3.51 ppm (s, PEG backbone); 
4.57 ppm (t, 1H;-0H). 

[0205] HPLC analysis showed that the product is 100 % pure mPEG-20,000 Da and free of diol. Gel pemneation 
chromatography: Mn = 20,800 Da, polydispersity 1 .018. 

20 Example 5 

PEG (10,000 Da) - a -hydroxy-oD-propylamine 

[0206] A mixture of PEG of molecular weight 10,000 Da (20.0 g; 0.00400 equivalents), distilled water (20.0 g) and 
25 potassium hydroxide (0.4 g) was cooled to 0-5°C in an ice bath. Acrylonitrile (0.5 g; 0.00942 moles) was added slowly, 
and the solution was stirred for 2 hours at 0-5 "C. NaCI (2 g) was added and the pH of the solution was adjusted to 7.0 
with phosphoric acid. Next, the reaction product was extracted with dichloromethane and the solvent was distilled off 
under reduced pressure giving 18.7 g of white solid product. NMR analysis showed that the product contained 75 % of 
PEG-OH groups and 25 % of PEG-OCH2CH2CN groups. The product was dissolved in 150 ml of ethyl alcohol and 
30 palladium catalyst (10 wt % on activated carbon; 2 g) was added. The mixture was hydrogenated at 65 °C under 800 
psi of hydrogen. The mixture was then filtered and the solvent was removed under vacuum giving 1 6.4 g of white product. 
NMR analysis showed that the product contained 77 % of PEG-OH groups and 23 % of PEG-OCH2CH2CH2NH2 groups. 
[0207] Analysis by cation exchange chromatography: 

35 PEG(1 0,000 Da)-dipropylamine 5.3 %, 

PEG (10,000 Da)-a-hydroxy-(fl-propylamine 35.4%, and PEG(1 0,000 Da) 59.3 %. 

[0208] The above mixture was dissolved in distilled water (1500 ml) and the resulting solution was filtered through a 
first chromatographic column (precolumn) filled with 30 ml of cation exchange resin POROS® 50 HS (Applied Biosys- 

40 terns). 

[0209] Cation exchange chromatographic analysisshowedthatthefiltratecontained only PEG (1 0,000 Da)-a-hydroxy- 
(o-propylamine and PEG(10,000 Da). All of the PEG(10,000 Da)-dipropylamine and part of the PEG (10,000 Da)-a- 
hydroxy-o)-propylamine were adsorbed (retained) by the resin in the precolumn. 

[0210] Next, the solution was applied to the second column (main column) containing 250 ml of POROS® 50 HS resin. 

45 Cation exchange chromatography showed that the eluate from the column contained only PEG(1 0,000 Da). PEG (10,000 
Da)-a-hydroxy-co-propylamine, adsorbed on the column, was then eluted using 5% NaCI solution (350ml). The pH of 
the eluate was adjusted to 1 1 with 0.5 M sodium hydroxide and the product was extracted with dichloromethane. The 
extract was dried with anhydrous magnesium sulfate and added to ethyl ether. The precipitated product was filtered off 
and dried under reduced pressure. Yield 4.6 g. NMR (dg-DMSG): 1 .76 ppm (m, -CH,CH,NHc>). 2.80 ppm (t, -CH^-NH,), 

50 3.51 ppm (s, PEG backbone), 4.58 ppm (t, -OH). 
[021 1 ] Cation exchange chromatography: 

PEG (10,000 Da)-a-hydroxy-ci)-propylamine 100%. 

55 
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Example 6 

PEG (1 0,000 Da)-a-hydroxy-a)-propvlmaleimide 

5 [0212] PEG (1 0,000 Da)-a-hydroxy-(»-propylamine from the Example 5 (4.0 g, 0.0004 moles) was dissolved In satu- 
rated aqueous solution of NaHCOg (30 ml) and the mixture was cooled to 0°C. N-methoxycarbonylmalelmlde (0.3 g) 
was added with vigorous stirring. After stirring for 1 0 minutes, water (10 ml) was added and the mixture was stirred an 
additional 50 minutes. The pH was adjusted to 3.0 with 0.5 N sulfuric acid and about 15 wt % NaCI was added. The 

reaction product was extracted with dichloromethane, the extract was dried with anhydrous magnesium sulfate, and the 
10 solvent was distilled off under reduced pressure to dryness. The cmde product was dissolved in 6 ml of dichloromethane 
and precipitated with 1 00 ml of isopropyl alcohol giving 3.6 g of white powder after drying under reduced pressure. NMR 
(dg-DIVlSO): 1 .88 ppm (m, -CHgCHg-malelmlde, 3.51 ppm (s, PEG backbone), 4.58 ppm (t, -OH), 7.03 ppm (s, CH=CH 

maleimide). 

15 Example 7 

DIacld-free mPEG (20,000 Da)-proplonlc acid, N-hydroxysucclnlmldyl ester 

[0213] A mixture of methoxy-PEG (or M-PEG-OH) of molecular weight 20,000 Da containing 6 wt % of PEG-diol having 

20 molecular weight about 40,000 Da (HO-PEG-OH) (25.0 g), distilled water (25.0 ml) and potassium hydroxide (0.5 g) 
was cooled to 0-5°G in an ice bath. Acetonitrile (3.4 g) was added slowly, and the solution was stirred for 2.5 hours at 
0-5°C. The pH of the solution was adjusted to 7.0 by addition of phosphoric acid. The product was extracted with 
dichloromethane (200, 70, and 50 ml). The organic layer was dned over magnesium sulfate and added to cold ethyl 
ether. The precipitated product was removed by filtration and dned under vacuum giving 23.5 g of mPEG(20,000 Da) 

25 nitrile. NMR (dg-DMSO): 2.74 ppm (t, -CHjCN), 3.21 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 

[0214] A mixture of mPEG nitrile from the above step (23.5 g) and concentrated hydrochloric acid (1 17.5 g) was stirred 
at room temperature for 36 hours. The solution was diluted with one liter of water and extracted with dichloromethane 
(200, 1 50, and 1 00 ml). The combined organic extracts were washed twice with water, dried over sodium sulfate, filtered, 
and concentrated to dryness by rotary evaporation. Yield of mPEG amide 21.5 g. NMR (dg-DMSO): 2.26 ppm (t, 

30 -CH2CONH2), 3.21 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 

mPEG amide from the above step (16.0 g) was dissolved in 1150 ml of distilled water, 100 g of potassium hydmxide 
was added, and the solution was stirred for 22 hours at room temperature. Sodium chloride (1 50 g) was added, and the 
solution was extracted with dichloromethane. The combined organic extracts were washed with 5% phosphoric add, 
water (twice), and dried over sodium sulfate. The solution was concentrated and the product precipitated by addition to 

35 ethyl ether. The product, largely mPEG(20,000 Da) propionic acid, was collected by filtration and dried over vacuum. 
Yield of acid 14.0 g. NMR (dg-DMSO): 2.43 ppm (t, -CH2COOH), 3.21 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 
[0215] Anion exchange chromatography showed that the product contained: PEG(40,000 Da)-dlproplonlc acid (6 %), 
mPEG(20,000 Da)-proplonlc acid (91 %), and mPEG(20,000 Da) (3 %). 

[0216] The above mixture was dissolved In distilled water (2,000 ml) and the resulting solution was filtered through 
40 the first chromatographic column (precolumn) filled with 50 ml of anion exchange gel: DEAE SEPHAROSE® Fast Flow 
(Pharmacia). 

[0217] Anion exchange chromatographic analysis showed that the filtrate contained only mPEG(20, 000 Da)-propionic 
acid and PEG(20,000 Da). All of the PEG(40,000 Da)-dipropionic acid and part of the m-PEG(20,000 Da)-propionic acid 
were adsorbed (retained) by the gel. 

15 [0218] Next, the solution was applied on the second column (main column) containing 600 ml of DEAE SEPHAROSE® 
Fast Flow gel. Anion exchange chromatography showed that the eluate from the column contained only PEG(20,000 
Da). mPEG(20,000 Da)-propionic acid, adsorbed on the column, was eluted using 5% NaCI solution (1100ml). The pH 
of the eluate was adjusted to 7 and the product was extracted with dichloromethane. The extract was dried with anhydrous 
magnesium sulfate and added to ethyl ether. The precipitated product was filtered off and dried under reduced pressure. 

50 Yield 12.0 g. NMR (dg-DMSO): 2.43 ppm (t, -CHjCOOH), 3.21 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone). 

[0219] Anion exchange chromatography: mPEG(20,000 Da)-propionic acid 100%. No PEG(40,000 Da)-dipropionic 
acid was detected. Diacid-free mPEG (20,000 Da) propionic acid (4.0 g, 0.20 mmol) was dissolved in dichloromethane 
(20 ml) and N-hydroxysuccinimide (0.21 mmol) was added. The solution was cooled to 0°C, a solution of dicyclohexyl- 
carbodiimide (0.20 mmol) in 4 ml dichloromethane was added dropwise, and the solution was stirred at room temperature 

55 overnight. The reaction mixture was filtered, concentrated, and precipitated by addition to ethyl ether. Yield of final 
product: 3.8 g. NMR (dg-DMSO): 2.81 ppm (s, NHS), 2.92 ppm (t, -GHg-COO-), 3.21 ppm (s, -OCE3), 3.51 ppm (s, PEG 
backbone). 

[0220] Many modifications and other embodiments of the invention will come to mind to one skilled in the art to which 
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this invention pertains having the benefit of the teachings presented in the foregoing description. 
Claims 

5 

1. A method for forming a functionalized polymer, comprising: 

(a) providing a water-soluble and non-peptidic polymer comprising two hydroxyl groups; 

(b) reacting the water-soluble and non-peptidic polymer comprising two hydroxyl groups, In one or more reaction 
10 steps, with one or more functionallzing reagents that are reactive with a hydroxyl group to effect the Introduction 

of a functional group, Y, to form a mixture comprising: 

(1) unsubstituted water-soluble and non-peptidic polymer from step (a), 
(ii) a monosubstituted polymer comprising a single Y group, and 
15 (ill) a disubstituted polymer comprising two Y groups, 

under conditions effective to fomri: 

(i) from 8 to 45 percent of the monosubstituted polymer; and 
20 (11) no more than 40 percent of the disubstituted polymer; and 

(ill) a ratio of monosubstituted polymer to disubstituted polymer that is 2:1 to 40;1; and 

(c) purifying the mixture from step (b) to provide a monosubstituted polymer substantially free from the unsub- 
stituted and disubstituted polymer species. 

25 

2. A method according to Claim 1, wherein step (b) is carried out under conditions effective to fomi no more than 25% 

of the disubstituted polymer, 

3. A method according to Claim 1 , wherein said water-soluble and non-peptidic polymer Is linear or branched. 

30 

4. A method according to Claim 1 , wherein said water-soluble and non-peptidic polymer Is selected from: 
poly(alkylene glycol), poly(olefinic alcohol), poly(vinylpyrrolidone),poly(hydroxyalkylmethacrylamide),poly(hydroxy- 
alkylmethacrylate), poly(saccharide), poly(a-hydroxy acid), poly(vinyl alcohol), polyphosphazene, polyoxazollne, 
poly(N-acryloylmorphollne), and copolymers, terpolymers, and mixtures thereof. 

35 

5. A method according to Claim 1 , wherein said water-soluble and non-peptidic polymer Is a diol. 

6. A method according to Claim 5, wherein said water-soluble and non-peptidic polymer Is poly(ethylene glycol). 
40 7. A method according to Claim 5, wherein each of the hydroxyl groups is located at a terminus of the polymer, 

8. A method according to Claim 1 , wherein the water-soluble and non-peptidic polymer provided in (a) is in a solvent 
selected from: an organic solvent, water, a mixture of water and a water miscible solvent, and a mixture of water 
and an immiscible organic solvent, 

45 

9. A method according to Claim 8, wherein said organic solvent is selected from: 

aromatic hydrocarbons, chlorinated hydrocarbons, amides, esters, ethers, ketones, and organonitriles. 

50 10. A method according to Claim 8, wherein said organic solvent is selected from: 

toluene, xylenes, benzene, dichloromethane, chloroform, acetonitrile, dimethoxyethane, tetrahydrofuran, diox- 
ane, dimethylformamide, acetone, and mixtures thereof. 

55 1 1 . A method according to Claim 1 , wherein the molecular weight of the polymer from 1 00 Da to 1 00,000 Da. 

1 2. A method according to Claim 1 , wherein the molecular weight of the polymer is from 500 Da to 60,000 Da. 
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13. A method according to Claim 1 , whierein the molecular weight of the polymer is from 5,000 to 40,000 Da. 

14. A method according to Claim 1 , wherein said reacting is carried out under conditions effective to form no more than 
12 percent of the disubstituted polymer. 

5 

15. A method according to Claim 1 , wherein said reacting is carried out under conditions effective to form no more than 
8 percent of the disubstituted polymer. 

16. A method according to Claim 1 , wherein said reacting is carried out under conditions effective to form no more than 
10 5 percent of the disubstituted polymer. 

17. A method according to Claim 1 , wherein said reacting Is carried out under conditions effective to form no more than 
2 percent of the disubstituted polymer. 

15 18. A method according to Claim 1 , wherein said reacting Is carried out under conditions effective to form no more than 
1 percent of the disubstituted polymer. 

19. A method according to Claim 1, wherein said reacting is conducted under conditions effective to form a ratio of 
monosubstituted polymer to disubstituted polymerthat is 4:1 to 20:1 , 

20 

20. A method according to Claim 1, wherein said reacting is conducted under conditions effective to form a ratio of 
monosubstituted polymer to disubstituted polymerthat is 10:1 to 18:1, 

21. A method according to Claim 1, wherein Y Is a protected functional group, and step (b) further comprises, after said 
25 reacting step, deprotecting said protected functional group. 

22. Amethod according to Claim 21 , wherein Y is a protected carboxylic acid and said deprotecting comprises hydrolyzing 
said protected carboxylic acid to thereby form a carboxylic acid. 

30 23. A method according to Claim 22, wherein said protected carboxylic acid is selected from: esters, thiolesters, amides, 
amidates, thioamidates, and hydrazides. 

24. A method according to Claim 22, wherein said protected carboxylic acid is an ortho ester. 

35 25. A method according to Claim 21 , wherein Y is a protected amine. 

26. A method according to Claim 25, wherein Y is a carbonitrile or primary amide and said deprotecting step comprises 
reducing the carbonitrile or primary amide to thereby form an amine. 

40 27. A method according to Claim 1 , wherein said reacting step comprises a nucleophilic substitution or a nucleophilic 
addition reaction. 

28. A method according to Claim 1 , wherein Y is selected from: aldehyde hydrate, ketone hydrate, amine, hydrazide, 
thiol, carboxylic acid, primary amide, secondary amide, amidate, 2-substituted-1 ,3-oxazoline, 2-substituted- 

15 1 ,3-(4H)-dihydrooxazines, 2-substituted-1 ,3-thiazoline, 2-substituted-1,3-(4H)-dihydrothiazines, dithiopyridine, vi- 

nylpyridine, hydroxylamine, and oxime. 

29. A method according to Claim 1, wherein one of the one or more functionalizing reagents has the structure 

X-(CRiR2)m-Y, wherein: 

50 

Xis a group that reacts with a hydroxyl, optionally In anionic form, or with a carbon atom to which the hydroxyl 
is attached, in a nucleophilic substitution or nucleophilic addition reaction, 

and are each independently either H or alkyi, and 
m ranges from 0 to 1 0. 



30. A method according to Claim 16, wherein one of the one or more functionalizing reagents has the structure 
X-(CRiR2)m-Y. wherein: 
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X is a group that reacts with a hydroxyl, optionally in anionic fonn, or with a carbon atom to which the hydroxyl 
is attached, in a nucleophilic substitution or nucleophilic addition reaction, 
R, and are each independently either H or alkyi, 
m ranges from 0 to 1 0, and 
5 Y has the structure -C(0)-0-Rp, wherein Rp is an alky! or a substituted alkyI group. 

31. A method according to Claim 29, wherein X is selected from: a leaving group, a substituted vinyl group, and an 
unsubstituted vinyl group. 

10 32. A method according to Claim 31 , wherein X is a halogen or a sulfonate ester. 

33. A method according to Claim 1 , comprising the step of alkylating the non-peptidic polymer comprising two hydroxyl 
groups prior to step (b), or alkylating the mixture formed in step (b) prior to or subsequent to the purification step (c). 

15 34. A method according to Claim 33, wherein said alkylating step comprises treating the mixture with an alkylating agent 
selected from: dialkylsulfate, alkyI sulfonate, diazoalkane, alkyI halide, N.N-dimethylformamide dialkyi acetal, 3- 
alkyl-1-p-tolyltriazene, trimethylanilinium hydroxide, trialkyloxonium fluoroborate, trimethylsulfonium hexafluoro- 

phosphonate, and alkyI trichloroacetimidate. 

20 35. A method according to Claim 33, wherein said alkylating is effective to convert hydroxyl groups in said mixture to 
-OR', wherein R' is an organic radical having 1-20 carbon atoms. 

36. A method according to Claim 35, wherein R' is selected from: methyl, ethyl, propyl, butyl, pentyl, hexyl, and benzyl, 

25 37. A method according to Claim 1, further comprising priorto step (b), converting a portion of said polymer hydroxyls 
to a leaving group, Y, to thereby form a first mixture comprising the water-soluble and non-peptidic polymer from 
step (a), a monosubstituted polymer comprising a single Y group, and a disubstituted polymer comprising two Y 
groups, under conditions effective to fomi no more than 46 percent of the disubstituted polymer. 

30 38. A method according to Claim 1 , wherein Y is an ionizable functional group and said purifying step comprises purifying 
the mixture by ion exchange chromatography. 

39. A method according to Claim 38, wherein said purifying step comprises: 

35 passing the mixture formed in step (b) through a first ion exchange column to provide an eluate, wherein said 

passing the mixture step is carried out underconditlons effective to adsorb substantially all of said disubstituted 
polymer onto the first column: 

passing the eluate through a second ion exchange column under conditions effective to adsorb substantially 
all of the monosubstituted polymer onto said second column; 
40 washing the second column with a water or a solution having low ionic strength to remove unsubstituted polymer; 

and 

passing a solution having high ionic strength through the second column to desorb the monosubstituted polymer. 

40. A method according to Claim 39, wherein said conditions in said eluting step comprise a column sufficiently sized 
15 to adsorb substantially all of said disubstituted polymer. 

41 . A method according to Claim 39, wherein said conditions in said purification step comprise one or more main columns 
sufficiently sized to adsorb substantially all of said monosubstituted polymer. 

50 42. A method according to Claim 39, wherein: 

said second ion exchange column is connected in series to one or more additional ion exchange columns, 
and said washing step further comprises washing said second and one or more additional ion exchange columns, 
and said passing the eluate step further comprises passing the solution having high ionic strength through said 
55 second and one or more additional columns. 

43. A method according to Claim 38, wherein said purifying step comprises: 
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passing the mixture formed in step (b) through a first ion exchange column to provide an eluate, wherein said 
passing the mixture step is carried out under conditions effective to adsorb substantially all of said disubstltuted 
polymer onto the first column; 

passing said eluate through a second ion exchange column connected in series to one or more additional ion 
exchange columns under conditions effective to adsorb a fraction of the monosubstituted polymer onto said 
second column: 

washing the second column and one or more additional ion exchange columns with a solution having low Ionic 
strength to remove unsubstituted polymer; and 

passing a solution having high ionic strength through the second and one or more additional Ion exchange 

columns to desorb the monosubstituted polymer. 

44. A method according to claim 1, comprising: 

(a) providing a polymer comprising aformula HO-POLY-OH, wherein POLY is a water-soluble and non-peptidic 

polymer; 

(b) optionally, converting HO-POLY-OH to a mixture comprising HO-POLY-OH, HO-POLY-Z, and Z-POLY-Z, 
wherein Z is a leaving group, under conditions effective to fomi no more than 45 percent of Z-POLY-Z; 

(c) reacting HO-POLY-OH of step (a) or the mixture of step (b) with a functionalizing reagent comprising the 
structure X-Lq ^-Y, wherein: 

X is a group that reacts with a hydroxyl, optionally in anionic form, or with a carbon atom to which the 
hydroxyl or leaving group is attached, 
Lg 1 Is an optional linker, and 

Y is an ionizable group, optionally as a protected ionizable group, to form a mixture comprising: 

HO-POLY-OH, 
HO-POLY-Lqi-Y, and 
Y-Lo,i-POLY-'Lo,i-Y, 

under conditions effective to fomn: 

(i) from 8 to 45 percent of the monosubstituted polymer; and 

(ii) no more than 40 percent of Y-Lq j-POLY-Lo ^-Y; and 

(ill) a ratio of monosubstituted polymer to disubstltuted polymer that is 2:1 to 40:1 ; 

(d) optionally, alkylating the mixture from step (b) or step (c); and 

(e) purifying the mixture from step (c) or step (d) by ion exchange chromatography to provide substantially pure 
polymer comprising a single -Lqj-Y group, after deprotection of the functional group Y, If deprotection is nec- 
essary. 

45. A method according to Claim 44, wherein step (c) is carried out under conditions effective to fomn no more than 
25%ofY-Lo,i-POLY-Loi-Y. 

46. A method according to Claim 44, wherein X is a halogen or a sulfonate ester, 

47. A method according to Claim 44, wherein said purifying step comprises: 

passing the mixture from step (c) or step (d) through a first ion exchange column to provide an eluate, wherein 
said passing the mixture step Is carried out under conditions effective to adsorb substantially all polymer species 

comprising two -Lg j-Y groups onto the first column; 

passing the eluate through a second ion exchange column under conditions effective to adsoria substantially 
all of polymer species having a single -Lg j-Y group onto said second column; 

washing the second column with a solution having low ionic strength to remove only polymer species containing 
no -Y groups; and 

passing a solution having high ionic strength through the second column to desorb polymer species having a 
single -Lg j-Y group. 

48. A method according to Claim 47, wherein the optional linker, Lg j. Is present and is hydrolytically stable. 
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49. A method according to Claim 47, wherein the optional linker, Lq i , is present and has a structure -(CR^ Rz^m'- wherein 
Ri and Rg are each independently H or alkyi, and m ranges from 0-1 0. 

50. A method according to Claim 47, wherein Y is an amine or carboxylic acid. 

5 

51 . A method according to Claim 47, wherein said alkylating step comprises treating the mixture with an alkylating agent 
selected from: dialkylsulfate, alkyI sulfonate, diazoalkane, alkyI halide, N,N'-dimethylformamide dialkyi acetal, 3- 
alkyl-1 -p-tolyltriazene, trimethylanilinium hydroxide, trialkyloxonium fluoroborate, trimethylsulfonium hexafluoro- 
phosphonate, and alkyI trichloroacetimidate. 

10 

52. A method according to Claim 47, wherein said alkylating step is effective to convert hydroxyl groups in said mixture 
to -OR', wherein R' is selected from: Ci-Cjo alkyI, substituted C^-Cgo alkyI, C^-Cjo alkylene-aryl, and substituted 
C^-Ogo alkylene-aryl. 

15 53. A method according to Claim 52, wherein R' is selected from: methyl, ethyl, propyl, butyl, pentyl, hexyl, and benzyl. 

54. A method according to Claim 47, wherein X is a nudeophile effective to displace -Z. 

55. A method according to Claim 54, wherein Z is a leaving group selected from: halogen and sulfonate esters. 

20 

56. A method according to Claim 49, wherein 

X is selected from; leaving groups, substituted vinyl groups, and unsubstituted vinyl groups, 

m Is 1-3, and 

Y is a protected carboxylic acid. 

25 

57. A method according to Claim 56, wherein the protected carboxylic acid group is selected from: nitrile, amide, alkyI 

ester, and ortho ester. 

58. A method according to Claim 47, wherein: 

30 

X is selected from: leaving groups, substituted vinyl groups, and unsubstituted vinyl groups, 
m is 1 -3, and 

Y is a carbonitrile. 

35 59. A method according to Claim 47, wherein: 

X is a halogen, 
m is 0, and 

Y is p-tolylsulfonyl, methylsulfonyl, trifluoromethylsulfonyl, or trif luoroethylsulfonyl. 

40 

60. A method according to Claim 49, wherein the functionalizing reagent is selected from: 

X'- (CRiR2)m-C(0) -0-Rp, 
CH2=CY'-C(0) -0-Rp, 
45 X'- (CRiR2)m-Z, 

CH2=CY'- (CRiR2)„-Z, 
X'- (CRiR2)m-C=N,and 
CH2=CY'-C=N, 



n or sulfonate ester, 
Z is an ortho ester, 

Y' is H, halogen, alkyI, substituted alkyI, alkoxy, or substituted alkoxy, and 
Rp is alkyI or substituted alkyi. 

61 . A method according to Claim 44, wherein said converting comprises reacting HO-POLY-OH with X'-SOg-Rs, wherein 
R3 is alkyi, substituted alkyI, aryl, or substituted aryl, and X' is Br or CI, 
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62. A method according to Claim 61 , wherein Rg is p-tolyl, methyl, trifluoromethyl, or trifluoroethyl. 

63. A method according to Claim 44, further comprising, after said purifying step, transforming Y of the substantially 
pure polymer to a different reactive moiety, 

5 

64. A method according to Claim 44, wherein said reactive moiety comprises afunctional group selected from: hydroxyl, 
active ester, active carbonate, ortho ester, acetal, aldehyde, aldehyde hydrate, ketone, ketone hydrate, oxime, 
alkenyl, acrylate, methacrylate, nitrile, primary or secondary amide, imide, acrylamide, active sulfone, amine, hy- 
drazide, thiol, carboxylic acid, isocyanate, Isothiocyanate, malelmide, succinimide, vinylsulfone, dithiopyridine, vi- 

10 nylpyridine, amidate, 2-substituted-1,3-oxazoline, 2-substituted-1,3-(4H)-dihydrooxazines. 2-substituted-1,3-thia- 

zollne, 2-substituted-1 ,3-(4H)-dihydrothiazines, hydroxylamine, iodoacetamlde, orthopyrldyl disulfide, epoxide, gly- 
oxal, dione, mesylate, tosylate, and tresylate. 

65. A method according to Claim 44, wherein Y Is a protected functional group and said method further comprises 

1S deprotecting the functional group prior to said purifying, 

66. A method according to Claim 60, wherein the mixture in step (a) comprises CH3O-POLY-OCH3, in combination with 
H3CO-POLY-L0 i-Y and Y-Loj-POLY-Lq^Y, wherein L is an optional linker and Y is a functional group. 

20 67. A method according to Claim 66, wherein the mixture comprises no more than 40% by weight of HO-POLY-CH and 

Y-Lq j-POL Y-Lq i-Y in combination. 

68. A method according to Claim 67, wherein the mixture comprises no more than 1 0% by weight of HO-POLY-OH and 
Y-Lo,i-POLY-Lo,i-Y in combination. 



Patentanspriiche 

1. Verfahren zur Bildung eines funktionalisierten Polymers, umfassend: 

30 

(a) das Bereitstellen eines wasserloslichen und nichtpeptidischen Polymers, das zwei Hydroxylgnjppen umfasst; 

(b) das Umsetzen des wasserloslichen und nichtpeptidischen Polymers, das zwei Hydroxylgruppen umfasst, 
in einem oder mehreren Reaktionsschritten mit einem oder mehreren Funktionalisierungsreagenzien, die mit 
einer Hydroxylgruppe reaktiv sind, um die Einfuhrung einer funktionellen Gruppe Y durchzufilhren, urn ein 

35 Gemisch zu bilden, das Folgendes umfasst: 

(i) ein unsubstituiertes wasserldsliches und nichtpeptidisches Polymer aus Schritt (a), 
(11) ein einfach substituiertes Polymer, das eine einzelne Y-Gruppe umfasst, und 
(ill) ein zweifach substituiertes Polymer, das zwei Y-Gruppen umfasst, 

40 

unter Bedingungen, die wirksam sind, um Folgendes zu bilden: 

(i) 8 bis 45 % des einfach substituierten Polymers; und 

(ii) nicht mehr als 40 % des zweifach substituierten Polymers; und 

45 (iii) ein Verhaltnis zwischen einfach substituiertem Polymer und zweifach substituiertem Polymer, das 2:1 

bis 40:1 betragt; und 

(c) das Reinigen des Gemischs aus Schritt (b), um ein einfach substituiertes Polymer bereitzustellen, das im 
Wesentlichen frei von den unsubstituierten und zweifach substituierten Polymerspezies ist. 

50 

2. Verfahren nach Anspruch 1, wobei Schritt (b) unter Bedingungen durchgefuhrt wird, die wirksam sind, um nicht 
mehr als 25 % des zweifach substituierten Polymers zu bilden. 

3. Verfahren nach Anspruch 1 , wobei das wasserlosliche und nichtpeptldische Polymer unverzweigt oder verzweigt ist. 

55 

4. Verfahren nach Anspruch 1 , wobei das wasserlosliche und nichtpeptidische Polymer ausgewahit ist aus: 



Poly(alkylenglykol), Poly(olefinalkohol), Poly(vinylpyrrolidon), Poly(hydroxyalkylmethacrylamid), Poly(hydro- 
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xyalkylmethacrylat), Poly(saccharid), Poly(a-hydroxysaure), Poly(vinylalkohol), Polyphosphazen, Polyoxazolin, 
Poly(N-acryloylmorpholin) und Copolymeren, Terpolymeren und Gemischen davon. 

5. Verfahren nach Anspruch 1 , wobei das wasserlosliche und nichtpeptidische Polymer ein Diol ist. 

5 

6. Verfahren nach Anspruch 5, wobei das wasserlosliche und nichtpeptidische Polymer Poly(ethylenglykol) ist. 

7. Verfahren nach Anspruch 5, wobei sich jede der Hydroxylgruppen an einem Ende des Polymers beflndet. 

10 8. Verfahren nach Anspruch 1 , wobei das in (a) bereitgestellte wasserlosliche und nichtpeptidische Polymer in einem 
Losungsmittel vorliegt, das ausgewahit ist aus: einem organischen Losungsmittel, Wasser, einem Gemisch aus 
Wasser und einem mit Wasser mischbaren Losungsmittel und einem Gemisch aus Wasser und einem unmischbaren 
organischen Losungsmittel. 

15 9. Verfahren nach Anspruch 8, wobei das organische Losungsmittel ausgewahit ist aus: aromatischen Kohlenwasser- 
stoffen, chlorierten Kohlenwasserstoffen, Amiden, Estern, Ethern, Ketonen und Organonitrilen. 

10. Verfahren nach Anspruch 8, wobei das organische Losungsmittel ausgewahit ist aus: Toluol, Xylolen, Benzol, 
Dichlormethan, Chloroform, Acetonitril, Dimethoxyethan, Tetrahydrofuran, Dioxan, Dimethylfomiamid, Aceton und 

20 Gemischen davon. 

11. Verfahren nach Anspruch 1 , wobei das Molekulargewicht des Polymers 100 Da bis 100.000 Da betragt. 

12. Verfahren nach Anspruch 1 , wobei das Molekulargewicht des Polymers 500 Da bis 60.000 Da betragt. 

25 

13. Verfahren nach Anspruch 1 , wobei das Molekulargewicht des Polymers 5.000 bis 40.000 Da betragt. 

14. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, urn nicht mehr als 
12 % des zweifach substituierten Polymers zu bilden. 

30 

15. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um nicht mehr als 
8 % des zweifach substituierten Polymers zu bilden. 

16. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um nicht mehr als 
35 5 % des zweifach substituierten Polymers zu bilden. 

17. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um nicht mehr als 
2 % des zweifach substituierten Polymers zu bilden. 

40 18. Verfahren nach Anspruch 1, wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um nicht mehr als 
1 % des zweifach substituierten Polymers zu bilden. 

19. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um ein Verhaltnis 
zwischen einfach substituiertem Polymer und zweifach substituiertem Polymer bereitzustellen, das 4:1 bis 20:1 

45 betragt. 

20. Verfahren nach Anspruch 1 , wobei das Umsetzen unter Bedingungen erfolgt, die wirksam sind, um ein Verhaltnis 
zwischen einfach substituiertem Polymer und zweifach substituiertem Polymer bereitzustellen, das 10:1 1 bis 18:1 

betragt. 

50 

21. Verfahren nach Anspruch 1, wobei Y eine geschutzte funktionelle Gruppe ist und Schritt (b) welters, nach dem 
Umsetzungsschritt, das Entschutzen der geschutzten funktionellen Gruppe umfasst. 

22. Verfahren nach Anspruch 21, wobei Y eine geschutzte Carbonsaure ist und das Entschutzen das Hydrolysieren 
55 der geschutzten Carbonsaure umfasst, um so eine Carbonsaure zu bilden. 

23. Verfahren nach Anspruch 22, wobei die geschutzte Carbonsaure ausgewahit ist aus: Estern, Thioestern, Amiden, 
Amidaten, Thioamidaten und Hydraziden. 
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24. Verfahren nach Anspruch 22, wobei die geschutzte Carbonsaure ein Orthoester ist. 

25. Verfahren nach Anspruch 21, wobei Y ein geschutztes Amin ist. 

5 26. Verfahren nach Anspruch 25, wobei Y ein Carbonitril oder ein primares Amid ist und der Schritt des Entschutzens 
das Reduzieren des Carbonitrils oder des primaren Amids umfasst, urn so ein Amin zu bilden. 

27. Verfahren nach Anspruch 1, wobei der Umsetzungsschritt eine nucleophile Substitutions- oder eine nucleophile 

Additionsreaktion umfasst. 

10 

28. Verfahren nach Anspruch 1 , wobei Y ausgewahit ist aus: Aldehydhydrat, Ketonhydrat, Amin, Hydrazid, Thiol, Car- 
bonsaure, primarem Amid, sel<undarem Amid, Amidat, 2-substituiertem 1 ,3-Oxazolin, 2-substituierten 1,3-(4H)-Di- 
hydrooxazinen, 2-substituiertem 1 ,3-Thiazolin, 2-substituierten 1,3-(4H)-Dihydrothiazinen, Dithiopyridin, Vinylpyri- 
din, Hydroxylamin und Oxim. 

15 

29. Verfahren nach Anspruch 1, wobei einerodermehrerederFunlctionalisierungsreagenzien die StrulcturX-(CRiR2)m-Y 
aufweisen, wobei: 

X eine Gruppe ist, die mit einem Hydroxyl, gegebenenfalls in anionischer Fonn, oder mit einem Kohlenstoffatom, 
20 an welches das Hydroxyl gebunden ist, in einer nucleophilen Substitutions- oder nucleophilen Additionsrealction 

reagiert, 

R, und R2 jeweils unabhangig voneinander H oder AlkyI sind und 
m im Bereich von 0 bis 1 0 liegt. 

25 30. Verfahren nach Anspruch 16, wobei einer oder mehrere der Funktionalisierungsreagenzien die Struktur 
X-(CRiR2)m-Y aufweisen, wobei: 

X eine Gruppe ist, die mit einem Hydroxyl, gegebenenfalls in anionischer Fonn, oder mit einem Kohlenstoffatom, 
an welches das Hydroxyl gebunden ist, in einer nucleophilen Substitutions- oder nucleophilen Additionsreaktion 
30 reagiert, 

R^ und R2 jeweils unabhangig voneinander H oder AlkyI sind, 
m im Bereich von 0 bis 10 liegt und 

Y die Struktur -C(0)-0-Rp aufweist, wobei Rp ein AlkyI oder eine substituierte Alkylgruppe ist. 

35 31. Verfahren nach Anspruch 29, wobei X ausgewahit ist aus: einer Abgangsgruppe, einer substituierten Vinylgruppe 
und einer unsubstituierten Vinylgruppe. 

32. Verfahren nach Anspruch 31 , wobei X ein Halogen oder ein Sulfonatester ist. 

40 33. Verfahren nach Anspruch 1, welches den Schritt des Alkylierens des nichtpeptidischen Polymers, das zwei Hyx- 
droxylgruppen umfasst, vor Schritt (b) oder das Alkylieren des in Schritt (b) gebildeten Gemischs vor oder nach dem 
Reinigungsschritt (c) umfasst. 

34. Verfahren nach Anspruch 33, wobei der Alkylierungsschritt das Behandein des Gemischs mit einem Alkylierungs- 
is mittel umfasst, das ausgewahit ist aus: Dialkylsulfat, Alkylsulfonat, Diazoalkan, Alkylhalogenid, N,N-Dimethylforma- 

middialkylacetal, 3-Alkyl-1-p-tolyltriazen, Trimethylaniliniumhydroxid, Trialkyloxoniumfluorborat, Trimethylsulfoni- 
umhexafluorphosphonat und Alkyltrichloracetimidat. 

35. Verfahren nach Anspruch 33, wobei das Alkylieren wirksam ist, um Hydroxylgruppen in dem Gemisch in -OR' zu 
50 uberfuhren, wobei R' ein organischer Rest mit 1-20 Kohlenstoffatomen ist. 

36. Verfahren nach Anspruch 35, wobei R' ausgewahit ist aus: Methyl, Ethyl, Propyl, Butyl, Pentyl, Hexyl und Benzyl. 

37. Verfahren nach Anspruch 1, das welters vor Schritt (b) das Uberfuhren eines Tells der Polymerhydroxyle in eine 
55 Abgangsgruppe Y umfasst, um so ein erstes Gemisch zu bilden, welches das wasserlosliche und nichtpeptidische 

Polymer aus Schritt (a), ein einfach substituiertes Polymer, das eine einzelne Y-Gruppe umfasst, und ein zweifach 
substituiertes Polymer, das zwei Y-Gruppen umfasst, umfasst, und zwar unter Bedingungen, die wirksam sind, um 
nicht mehr als 45 % des zweifach substituierten Polymers zu bilden. 
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38. Verfahren nach Anspruch 1 , wobei Y eine ionisierbare f unktionelle Gruppe ist und der Reinigungsschritt das Reinigen 
des Gemischs durch lonenaustauschchromatographie umfasst. 

39. Verfahren nach Anspruch 38, wobei der Reinigungsschritt Folgendes umfasst: 

5 

das Durchleiten des in Schritt (b) gebildeten Gemischs durch eine erste lonenaustauschsaule, um ein Eluat 
bereltzustellen, wobei der Schritt des Durchleitens des Gemischs unter Bedingungen erfolgt, die wirksam sind, 
um im Wesentlichen alle derzwelfach substltuierten Polymere an die erste Saule zu adsorbieren; 
das Durchleiten des Eluats durch eine zweite lonenaustauschsaule unter Bedingungen, die wirksam sind, um 
10 im Wesentlichen alle der einfach substltuierten Polymere an die zweite Saule zu adsorbieren, 

das Waschen der zweiten Saule mit Wasser Oder einer Losung mit geringer lonenstarke, um unsubstitulertes 
Polymer zu entfernen; und 

das Durchleiten eIner Losung mit hoher lonenstarke durch die zweite Saule, um das einfach substltuierte Polymer 
zu desorbieren. 

15 

40. Verfahren nach Anspruch 39, wobei die Bedingungen beim Eluierungsschritt eine Saule umfassen, die ausreichend 
grolB ist, um im Wesentlichen alle derzwelfach substltuierten Polymere zu adsorbieren. 

41. Verfahren nach Anspruch 39, wobei die Bedingungen beim Reinigungsschritt eine oder mehrere Hauptsaulen um- 
20 fassen, die ausreichend groB sind, um im Wesentlichen alle der einfach substltuierten Polymere zu adsorbieren. 

42. Verfahren nach Anspruch 39, wobei: 

diezweite lonenaustauschsaule in Serie mit einer Oder mehrerenweiteren lonenaustauschsaulen verbunden ist, 
25 der Waschschritt weiteres das Waschen der zweiten und einen oder mehrerenweiteren lonenaustauschsaulen 

umfasst 

und der Schritt des Durchleitens des Eluats weiters das Durchleiten der Losung mit hoher lonenstarke durch 
die zweite und eine oder mehreren weiteren Saulen umfasst. 

30 43. Verfahren nach Anspruch 38, wobei der Reinigungsschritt Folgendes umfasst: 

das Durchleiten des in Schritt (b) gebildeten Gemischs durch eine erste lonenaustauschsaule, um ein Eluat 
bereltzustellen, wobei der Schritt des Durchleitens des Gemischs unter Bedingungen erfolgt, die wirksam sind, 
um im Wesentlichen alle derzwelfach substltuierten Polymere an die erste Saule zu adsorbieren; 
35 das Durchleiten des Eluats durch eine zweite lonenaustauschsaule, die in Serie mit einer oder mehreren weiteren 

lonenaustauschsaulen verbunden ist, unter Bedingungen, die wirksam sind, um einen Tell der einfach substl- 
tuierten Polymere an die zweite Saule zu adsorbieren, 

das Waschen der zweiten Saule und der einen oder mehreren weiteren lonenaustauschsaulen mit einer Losung 
mit geringer lonenstarke, um unsubstitulertes Polymer zu entfernen; und 
40 das Durchleiten einer Losung mit hoher lonenstarke durch die zweite Saule und die eine oder mehreren weiteren 

lonenaustauschsaulen, um das einfach substltuierte Polymer zu desorbieren. 

44. Verfahren nach Anspruch 1, umfassend: 

45 (a) das Bereitstellen eines Polymers der Formel HO-POLY-OH, wobei POLY ein wasserlosliches und nichtpep- 

tidisches Polymer ist; 

(b) gegebenenfalls das Uberfuhren von HO-POLY-OH in ein Gemisch, das HO-POLY-OH, HO-POLY-Z und Z- 
POLY-Z umfasst, wobei Z eine Abgangsgruppe ist, unter Bedingungen, die wirksam sind, um nicht mehr als 
45 % von Z-POLY-Z zu bilden; 

50 (c) das Umsetzen von HO-POLY-OH aus Schritt (a) oder des Gemischs aus Schritt (b) mit einem Funktionali- 

sierungsreagens, das die StrukturX-Lgj-Y aufweist, wobei: 

X eine Gruppe ist, die mit einem Hydroxyl, gegebenenfalls in anionischer Form, oder mit einem Kohlen- 
stoffatom, an welches das Hydroxyl oder die Abgangsgruppe gebunden ist, reagiert, 
55 Lqj ein optionaler Linker ist und 

Y eine ionisierbare Gruppe ist, gegebenenfalls in Form einer geschutzten lonisierbaren Gruppe, um ein 
Gemisch zu bilden, das Folgendes umfasst: 
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HO-POLY-OH, 
HO-POLY-Lqi-Y und 
Y-Lo,i-POLY-'Lo,i-Y, 

5 unter Bedingungen, die wirksam sind, urn Folgendes zu bilden: 

(i) 8 bis 45 % des einfach substituierten Polymers; 

(ii) nicht mehr als 40 % Y-Lo,i-POLY-Lo,i-Y; und 

(iii) ein Verhaltnis zwischen einfach substituiertem Polymer und zweifach substitulertem Polymer, das 

10 2:1 bis 40:1 betragt; 

(d) gegebenenfalls das All<ylieren des Gemischs aus Schritt (b) Oder Schritt (c); und 

(e) das Reinigen des Gemisclns aus Sclnritt (c) oder Schritt (d) durch lonenaustauschchromatographie, urn ein 
im Wesentlichen reines Polymer bereitzustellen, das eine einzelne -Lq i-Y-Gruppe umfasst, nachdem die 

15 SchutzgruppederfunlctionellenGruppeYentferntwurde, wenndieEntfernungderSchutzgruppenotwendigist. 

45. Verfahren nach Anspruch 44, wobei Schritt (c) unter Bedingungen erfolgt, die wirksam sind, um nicht mehr als 25 
% von Y-Lq i-POLY-Lqj-Y zu bilden. 

20 46. Verfahren nach Anspruch 44, wobei X ein Halogen oder ein Sulfonatester ist. 

47. Verfahren nach Anspruch 44, wobei der Reinigungsschritt Folgendes umfasst: 

das Durchleiten des Gemischs aus Schritt (c) oder Schritt (d) durch eine erste lonenaustauschsaule, um ein 
25 Eluat bereitzustellen, wobei der Schritt des Durchleitens des Gemischs unter Bedingungen erfolgt, die wirksam 

sind, um im Wesentlichen alle Polymerspezies, die zwei -Lq j-Y-Gruppen umfassen, an die erste Saule zu 
adsorbieren; 

das Durchleiten des Eluats durch eine zweite lonenaustauschsaule unter Bedingungen, die wirksam sind, um 
im Wesentlichen alle Polymerspezies mit einer einzelnen -Lo^-Y-Gruppe an die zweite Saule zu adsorbieren; 
30 das Waschenderzweiten Saule mit einer Losung mit geringerlonenstarke,umnur Polymerspezies zuentfernen, 

die keine -Y-Gruppen enthalten; und 

das Durchleiten einer Losung mit hoher lonenstarke durch die zweite Saule, um Polymerspezies mit einer 
einzelnen -Lq j-Y-Gruppe zu desorbieren. 

35 48. Verfahren nach Anspruch 47, wobei der optionale Linker Lq ^ vorhanden und hydrolysebestandig ist. 

49. Verfahren nach Anspruch 47, wobei der optionale Linker Lg i vorhanden ist und eine Struktur -(CRi R2)m- aufweist, 
wobei R^ und R2 Jewells unabhangig voneinander H oder AlkyI sind und m im Bereich von 0 bis 1 0 liegt. 

40 50. Verfahren nach Anspruch 47, wobei Y ein Amin oder eine Carbonsaure ist. 

51. Verfahren nach Anspruch 47, wobei der Alkylierungsschritt das Behandein des Gemischs mit einem Alkylierungs- 
mittel umfasst, das ausgewahit ist aus: Dialkylsulfat, Alkylsulfonat, Diazoalkan, Alkylhalogenid, N,N'-Dlmethylforma- 
middialkylacetal, 3-Alkyl-1-p-tolyltriazen, Trimethylaniliniumhydroxid, Trialkyloxoniumfluorborat, Trimethylsulfoni- 

45 umhexafluorphosphonat und Alkyltrichloracetimidat. 

52. Verfahren nach Anspruch 47, wobei der Alkylierungsschritt wirksam ist, um Hydroxylgruppen in dem Gemisch in 
-OR' zu uberfuhren, wobei R' ausgewahit ist aus: Ci-CgQ-Alkyl, substituiertem Ci-CgQ-Alkyl, Ci-Cjo-Alkylenaryl und 
substituiertem C^-Cgo-Alkylenaryl. 

50 

53. Verfahren nach Anspruch 52, wobei R' ausgewahit ist aus: Methyl, Ethyl, Propyl, Butyl, Pentyl, Hexyl und Benzyl. 

54. Verfahren nach Anspruch 47, wobei X ein Nucleophil ist, das wirksam ist, um -Z zu ersetzen. 

55 55. Verfahren nach Anspruch 54, wobei Z eine Abgangsgruppe ist, die ausgewahit ist aus: Halogen und Sulfonatestern. 

56. Verfahren nach Anspruch 49, wobei 

X ausgewahit ist aus: Abgangsgruppen, substituierten Vinylgruppen und unsubstituierten Vinylgruppen, 



43 



EP1 656 410B1 



m = 1-3 ist und 

Y eine geschutzte Carbonsaure ist. 

57. Verfahren nach Anspruch 56, wobei die geschiutzte Carbonsauregruppe ausgewahit ist aus: Nitril, Amid, All<ylester 
5 und Orthoester. 

58. Verfahren nachi Anspruch 47, wobei: 

X ausgewahit ist aus: Abgangsgruppen, substituierten Vinylgruppen und unsubstituierten Vinylgruppen, 
10 m= 1-3 ist und 

Y ein Carbonitril ist. 

59. Verfahren nach Anspruch 47, wobei: 

15 X ein Halogen ist, 

m = 0 ist und 

Y p-Tolylsulfonyl, Methylsulfonyl, Trifluonnethylsulfonyl oderTrifluorethylsulfonyl ist. 

60. Verfahren nach Anspruch 49, wobei das Funktionalisierungsreagens ausgewahit ist aus: 

20 

X'-(CRiR2)m-C(0)-0-Rp, 
CH2=CY'-C(0)-0-Rp, 
X'-(CRiR2)rn-Z, 
CH2=CY'-(CRiR2)n,-Z, 
25 X'-(CRiR2)n,-C=N und 

CH2=CY'-C=N, 

worin: 

30 X' Halogen oder Sulfonatester ist, 

Z ein Orthoester ist, 

Y' H, Halogen, AlkyI, substituiertes AlkyI, Alkoxy oder substituiertes Alkoxy ist und 
Rp AlkyI Oder substituiertes AlkyI ist. 

35 61. Verfahren nach Anspruch 44, wobei das Uberfiihren das Umsetzen von HO-POLY-OH mit X'-SOg-Rs umfasst, 
wobei Rg AlkyI, substituiertes AlkyI, Aryl oder substituiertes Aryl ist und X' Br oder CI ist. 

62. Verfahren nach Anspruch 61, wobei Rg p-Tolyl, Methyl, Trifluonnethyl oderTrifluorethyl ist. 

40 63. Verfahren nach Anspruch 44, das welters nach dem Reinigungsschritt das Umwandein von Y des im Wesentlichen 
reinen Polymers in eine andere reaktive Gruppierung umfasst. 

64. Verfahren nach Anspruch 44, wobei die reaktive Gruppierung eine funktionelle Gruppe umfasst, die ausgewahit ist 
aus: Hydroxyl, aktivem Ester, aktivem Carbonat, Orthoester, Acetal, Aldehyd, Aldehydhydrat, Keton, Ketonhydrat, 

15 Oxim, Alkenyl, Acrylat, Methacrylat, Nitril, primarem oder sekundarem Amid, Imid, Acrylamid, aktivem Sulfon, Amin, 

Hydrazid, Thiol, Carbonsaure, Isocyanat, Isothiocyanat, Maleinimid, Succinimid, Vinylsulfon, DIthlopyridin, Vinylpy- 
ridin, Amidat, 2-substituiertem 1,3-Oxazolin, 2-substituiertem 1 ,3-(4H)-Dihydrooxazinen, 2-substituiertem 1 ,3-Thia- 
zolin, 2-substituierten 1 ,3-(4H)-Dihydrothiazinen, Hydroxylamin, lodacetamid, Orthopyridyldisulfid, Epoxid, Glyoxal, 
Dion, Mesylat, Tosylat und Tresylat. 

50 

65. Verfahren nach Anspruch 44, wobei Y eine geschutzte funktionelle Gruppe ist und das Verfahren welters das 

Entschutzen der funktionellen Gruppe vor der Reinigung umfasst. 

66. Verfahren nach Anspruch 60, wobei das Gemisch in Schritt (a) CH3O-POLY-OCH3 in Kombination mit H3CO-POLY- 
55 l-o,rY und Y-Lq -(-POLY-Lq ^-Y umfasst, wobei L ein optionaler Linker ist und Y eine funktionelle Gruppe ist. 

67. Verfahren nach Anspruch 66, wobei das Gemisch nicht mehr als 40 Gew.-% HO-POLY-OH und Y-Lq i-POLY-Lq ^-Y 
gemeinsam enthalt. 
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68. Verfahren nach Anspruch 67, wobei das Gemisch nicht mehr als 1 0 Gew.-% HO-POLY-OH und Y-Lq i-POLY-Lq -i-Y 
gemeinsam enthalt. 



5 Revendications 

1. Methode pour former un polymere fonctionnalise, comprenant: 

(a) realiser un polymere soluble dans I'eau et non-peptldique comprenant deux groupes hydroxyles; 
10 (b) faire reagir le polymere soluble dans I'eau et non-peptidique comprenant deux groupes hydroxyles, dans 

une ou plusieurs etapes de reaction, avec un ou plusieurs reactifs fonctionnaiises qui sont reactifs avec un 
groupe hydroxyle poureffectuer I'introduction d'un groupefonctionnel, Y, pourformerun melange comprenant: 

(i) un polymere non-substitue soluble dans I'eau et non-peptidique de I'etape (a), 
15 (ii) un polymere monosubstitue comprenant un seul groupe Y, et 

(iii)un polymere disubstitue comprenant deux groupes Y, 

sous des conditions effectives pour former: 

20 (i) de 8 a 45 pour cent du polymere monosubstitue; et 

(ii) non pas plus de 40% du polymere disubstitue; et 

(iii) un rapport de polymere monosubstitue au polymere disubstitue qui est de 2:1 a 40:1; et 

(c) purifier le melange de I'etape (b) pour realiser un polymere monosubstitue sensiblement exempt de I'espece 
25 polymere non-substituee et disubstituee. 

2. Methode selon la revendication 1 , dans laquelle I'etape (b) est executee sous des conditions effectives pour ne pas 
former plus de 25% du polymere disubstitue. 

30 3. Methode selon la revendication 1 , dans laquelle ledit polymere soluble dans I'eau et non-peptidique est lineaire ou 
ramifie. 

4. Methode selon la revendication 1 , dans laquelle ledit polymere soluble dans I'eau est non-peptidique estselectionne 
parmi: 

35 

poly(alkyl6ne glycol, alcool (poly)ol6finique), poly(vinylpyrrolidone), poly(hydroxyalkylm6thacrylamide), poly(hy- 
droxyalkylmethacrylate), poly(5accharide), poly(acide a-hydroxy), poly(alcoolvinylique), polyphosphazene, po- 
lyoxazoline, poly(N-acryloylmorpholine), et copolymeres, terpolymeres et melanges de ceux-ci. 

40 5. Methode selon la revendication 1 , dans laquelle ledit polymere soluble dans I'eau et non-peptidique est un diol. 

6. Methode selon la revendication 5, dans laquelle ledit polymere soluble dans I'eau et non-peptidique est le poly 
(ethylene glycol). 

15 7. Methode selon la revendication 5, dans laquelle chacun des groupes hydroxyles se situe a un terminus du polymere. 

8. Methode selon la revendication 1 , dans laquelle le polymere soluble dans I'eau et non-peptidique realise dans (a) 
se trouve dans un solvant selectionne parmi: un solvant organique, I'eau, un melange d'eau et d'un solvant pouvant 
etre melange avec de I'eau, et un melange d'eau et d'un solvant organique immiscible. 

50 

9. Methode selon la revendication 8, dans laquelle ledit solvant organique est selectionne pamni: hydrocarbures aro- 
matiques, hydrocarbures chlores, amides, esters, ethers, ketones et organonitriles. 

10. Methode selon la revendication 8, dans laquelle ledit solvant organique est selectionne parmi: toluene, xylenes, 
55 benzene, dichloromethane, chloroforme, acetonitrile, dimethoxyethane, tetrahydrofuranne, dioxane, dimethylfor- 

mamide, acetone et leurs melanges. 

11. Methode selon la revendication 1 , dans laquelle le poids moleculaire du polymere est de 1 00 Da a 1 00 000 Da. 
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12. Methode selon la revendication 1 , dans laquelle le poids moleculaire du polymere est de 500 Da a 60 000 Da. 

13. Methode selon la revendication 1 , dans laquelle le poids moleculaire du polymere est de 5000 a 40 000 Da. 

5 14. Methode selon la revendication 1 , dans laquelle ladite reaction est executee sous des conditions effectives pour ne 
pas former plus de 12 pour cent du polymere disubstitue. 

15. Methode selon la revendication 1 , dans laquelle ladite reaction est executee sous des conditions effectives pour ne 
pas former plus de 8 pour cent du polymere disubstitue. 

10 

16. Methode selon la revendication 1 , dans laquelle ladite reaction est executee sous des conditions effectives pour ne 

pas former plus de 5 pour cent du polymere disubstitue. 

17. Methode selon la revendication 1 , dans laquelle ladite reaction est executee sous des conditions effectives pour ne 

15 pas former plus de 2 pour cent du polymere disubstitue. 

18. Methode selon la revendication 1 , dans laquelle ladite reaction est executee sous des conditions effectives pour ne 

pas former plus de 1% du polymere disubstitue. 

20 19. Methode selon la revendication 1, dans laquelle ladite reaction est executee sous des conditions effectives pour 
former un rapport du polymere monosubstitue au polymere disubstitue qui est de 4:1 a 20:1. 

20. Methode selon la revendication 1, dans laquelle ladite reaction est executee sous des conditions effectives pour 
former un rapport de polymere monosubstitue au polymere disubstitue qui est de 10:1 a 18:1 . 

25 

21. Methode selon la revendication 1, dans laquelle Y est un groupe fonctionnel protege, et I'etape (b) comprend en 
outre, apres ladite etape de reaction, la deprotection dudit groupe fonctionnel protege. 

22. Methode selon la revendication 21 , dans laquelle Y est un acide carboxylique protege, et ladite deprotection com- 
30 prend I'hydrolysation dudit acide carboxylique protege pour fonner ainsi un acide carboxylique. 

23. Methode selon la revendication 22, dans laquelle ledit acide carboxylique protege est selectionne parmi: esters, 
thiolesters, amides, amidates, thioamidates et hydrazides. 

35 24. Methode selon la revendication 22, dans laquelle ledit acide carboxylique protege est un ortho ester. 

25. Methode selon la revendication 21 , dans laquelle Y est une amine protegee. 

26. Methode selon la revendication 25, dans laquelle Y est un carbonitrile ou un amide primaire, et ladite etape de 
40 deprotection comprend la reduction du carbonitrile ou de I'amide primaire pour former ainsi une amine. 

27. Methode selon la revendication 1 , dans laquelle ladite etape de reaction comprend une substitution nucleophile ou 

une reaction d'addition nucleophile. 

15 28. Methode selon la revendication 1 , dans laquelle Y est selectionne parmi: aldehyde hydrate, ketone hydrate, amine, 
hydrazide, thiol, acide carboxylique, amide primaire, amide secondare, amidate, 2-substitue-1 ,3-oxazoline, 2-subs- 
titue-1 ,3-(4H)-dihydrooxazines, 2-substitue-1 ,3-thiazoline, 2-substitue-1 ,3-(4H)-dihydrothiazines, dithiopyridine, vi- 
nylpyridine, hydroxylamine et oxime. 

50 29. Methode selon la revendication 1, dans laquelle un parmi un ou plusieurs reactifs fonctionnalisants possedent la 
structure X-(CRiCR2)n,-Y, oiJ: 

X est un groupe qui reagit avec un hydroxyle, optionnellement sous forme anionique, ou avec un atome de 
carboneauquel I'hydroxyle est attache, dans une substitution nucleophile ou une reaction d'addition nucleophile, 
55 R, et R2 sont chacun independamment soit H soit alkyle, et 

m est de 0 a 1 0. 

30. Methode selon la revendication 16, dans laquelle un parmi un ou plusieurs reactifs fonctionnalisants possedent la 
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structure X-(CRiR2)m-Y, ou: 

X est un groupe qui reagit avec un hydroxyle, optionnellement sous forme anionique, ou avec un atome de 
carboneauquel I'hydroxyle est attache, dans une substitution nucleophile ou une reaction d'addition nucleophile, 
5 et Rg sont chacun independamment soit H soit all^yle, 

m est de 0 a 1 0, et 

Y a la structure -C(0)-0-Rp, oCi Rp est un all<yle ou groupe all<yle substitue. 

31. IVIethode selon la revendication 29, dans laquelle X est selectionne parmi: 

10 

un groupe mobile, un groupe vinyle substitue et un groupe vinyle non-substitue. 

32. IVIetliode selon la revendication 31, dans laquelle X est un halogene ou un sulfonate ester. 

15 33. Methode selon la revendication 1 , comprenant I'etape consistant a alkyler le polymere non peptidique comprenant 
deux groupes hydroxyles avant I'etape b), ou a alkyler le melange fornie a I'etape (b) avant ou a la suite de I'etape 
de purification (c). 

34. IVIethode selon la revendication 33, dans laquelle ladite etape d'alkylation comprend le traitement du melange avec 
20 un agent d'alkylation selectionne parmi: dialkylsulfate, alkyi sulfonate, diazoalcane, alkyle halogenure, N,N-dime- 

thylformamide dialkyi acetal, 3-alkyl-1-p-tolyltriazane, trimethylanlllum hydroxyde, trialkyloxonium fluoroborate, tri- 
methylsulfonium hexafluorophosphonate et alkyle. 

35. Methode selon la revendication 33, dans laquelle ladite alkylatlon est effective pour convertirles groupes hydroxyles 
25 dans ledit melange en -OR', oil R' est un radical organique ayant 1 -20 atomes de carbone. 

36. Methode selon la revendication 35, dans laquelle R' est selectionne parmi: methyle, ethyle, propyle, butyle, pentyle, 
hexyle et benzyle. 

30 37. IVIethode selon la revendication 1 , comprenant en outre avant I'etape (b), convertir une portion dudit hydroxyle de 
polymere en groupe mobile, Y, pourfonner ainsi un premier melange comprenant le polymere soluble dans I'eau 
etnon-peptidiquede I'etape (a), un polymere mono-substituecomprenantunseulgroupe Yet un polymere disubstitue 
comprenant deux groupes Y, sous des conditions effectives pour ne pas former plus de 45 pour cent du polymere 
disubstitue. 

35 

38. M6thode selon la revendication 1 , dans laquelle Y est un groupe fonctionnel ionisable, et ladite 6tape de purification 
comprend la purification du melange par chromatographie a echange d'ions. 

39. Methode selon la revendication 38, dans laquelle ladite etape de purification comprend: 

40 

faire passer le melange forme a I'etape (b) a travers une premiere colonne d'echange d'ions pour realiser un 
eluat, ou ledit passage de I'etape de melange est execute sous des conditions effectives pour adsorber sensi- 
blement tout le polymere disubstitue sur la premiere colonne; 

faIre passer I'eluat a travers une deuxleme colonne a echange d'ions sous des conditions effectives pour 
45 adsorber senslblement tout le polymere monosubstitue sur ladite deuxieme colonne; 

laver la deuxleme colonne avec une eau ou une solution d'une faible force ionique pour retirer le polymere non- 
substitue; et 

faire passer une solution d'une force ionique elevee a travers la deuxieme colonne pour desorber le polymere 

monosubstitue. 

50 

40. Methode selon la revendication 39, dans laquelle lesdites conditions a ladite etape d'elution comprennent une 
colonne d'une taille suffisante pour adsorber senslblement tout le polymere disubstitue. 

41. Methode selon la revendication 39, dans laquelle lesdites conditions dans ladite etape de purification comprennent 
55 une ou plusieurs colonnes principales d'une taille suffisante pour adsorber senslblement tout le polymere mono- 
substitue. 

42. Methode selon la revendication 39, dans laquelle: 
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ladite deuxieme colonne a echange d'ions est montee en serie avec une ou plusieurs colonnes a echange 
d'ions additionnelles, 

et ladite etape de lavage comprend en outre le lavage de ladite deuxieme et d'une ou de plusieurs colonnes a 
echange d'ions additionnelles, 

et ladite etape consistant a faire passer I'eluat comprend en outre le passage de la solution d'une force ionique 
elevee a travers ladite deuxieme et une ou plusieurs colonnes additionnelles. 

43. IVIethode selon la revendication 38, dans laquelle ladite etape de purification comprend: 

faire passer le melange forme a I'etape (b) a travers une premiere colonne a echange d'ions pour realiser un 
eluat, ou ladite etape consistant a faire passer le melange est executee sous des conditions effectives pour 
adsorber sensiblement tout le polymere disubstitue sur la premiere colonne; 

faire passer ledit eluat a travers une deuxieme colonne a echange d'ions montee en serie avec une ou plusieurs 
colonnes a echange d'ions additionnelles precitees sous des conditions effectives pour adsorber une fraction 
du polymere monosubstitue sur ladite deuxieme colonne; 

laver la deuxieme colonne et une ou plusieurs colonnes a echange d'ions additionnelles avec une solution 
d'une faible force ionique pour retirer le polymere non-substitue; et 

faire passer une solution d'une force ionique elevee a travers la deuxieme et une ou plusieurs colonnes a 
echange d'ions additionnelles pour desorber le polymere monosubstitue. 

44. Methode selon la revendication 1 , comprenant: 

(a) realiser un polymere comprenant une fomiule HO-POLY-OH, ou POLY est un polymere soluble dans I'eau 

et non-peptidique; 

(b) en option, convertir HO-POLY-OH en un melange comprenant HO-POLY-OH, HO-POLT-Z et Z-POLY-Z, 
ou Z est un groupe mobile, sous des conditions effectives pour ne pas fonner plus de 45 pour cent de Z-POLY-Z; 

(c) faire reagir HO-POLY-OH de I'etape (a) ou le melange de I'etape (b) avec un reactif fonctionnalisant com- 
prenant la structure X-Lq j-Y, ou: 

X est un groupe qui reagit avec un hydroxyle, optionnellement sous forme anionique, ou avec un atome 
de carbone auquel I'hydroxyle ou le groupe mobile est attache, 
Lq 1 est un segment de liaison optionnel, et 

Y est un groupe ionisable, optionnellement comme un groupe ionisable protege, pour former un melange 
comprenant: 

HO-POLY-OH, 

H0-POLY-Loi-Yet 

Y-Lo,i-POLY-Lo,i-Y, 

sous des conditions effectives pour former 

(i) de 8 a 45 pour cent du polymere monosubstitue; et 

(ii) pas plus de 40 pour cent de Y-Lq j-POLY-Lq^i-Y; et 

(iii) un rapport de polymere monosubstitue au polymere disubstitue qui est 2:1 a 40:1; 

(d) optionnellement, alkyler le melange de I'etape (b) ou de I'etape (c); et 

(e) purifier le melange de I'etape (c) ou de I'etape (d) par une chromatographie a echange d'ions pour realiser 
un polymere sensiblement pure comprenant un seul groupe -Lq jY, apres la deprotection du groupe fonctionnel 

Y, si une deprotection est necessaire. 

45. Methode selon la revendication 44, dans laquelle I'etape (c) est executee sous des conditions effectives pour ne 
pas former plus de 25% de Y-Lq i-POLY-Lq j-Y. 

46. Methode selon la revendication 44, dans laquelle X est un halogene ou un sulfonate ester. 

47. Methode selon la revendication 44, dans laquelle ladite etape de purification comprend: 



faire passer le melange de I'etape (c) ou de I'etape (d) a travers une premiere colonne a echange d'ions pour 
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realiser un eluat, ou ladite etape consistant a faire passer le melange est executee sous des conditions effectives 
pour adsorber sensiblement toutes les especes de polynnere comprenant deux groupes -Lq i-Y sur la premiere 
colonne; 

faire passer I'eluat a travers una deuxieme colonne a echange d'ions sous des conditions effectives pour 
5 adsorber sensiblement toute I'espece de polymere ayant un seul groupe-Lg^-Y sur ladite deuxieme colonne; 

laver la deuxieme colonne avec une solution d'une faible force ionique pour retirer seulement I'espece de 
polymere ne contenant pas de groupe -Y; et 

faire passer une solution d'une force ionique elevee a travers la deuxieme colonne pour desorber I'espece de 
polymere ayant un seul groupe -Lq i-Y. 

10 

48. IVIethode selon la revendication 47, dans laquelle le segment de liaison optionnel, Lq j, est present et est hydroly- 

ticalement stable. 

49. Methode selon la revendication 47, dans laquelle le segment de liaison optionnel, Lq j, est present et possede une 
15 structure - (CR^ P'zlm'' 6* ^2 sont chacun independamment H ou alkyle, et m s'etend de 0 a 1 0. 

50. Methode selon la revendication 47, dans laquelle Y est une amine ou un acide carboxylique. 

51. Methode selon la revendication 47, dans laquelle ladite etape d'alkylation comprend le traitement du melange avec 
20 un agent d'alkylation selectionne parmi: dialkylsulfate, alkyle sulfonate, diazoalcane, alkyle halogenure, N,N'-dime- 

thylformamide dialkyi acetal, 3-alkyl-1-p-tolyltriazene, trimethylaluminium hydroxyde, trialkyloxonium fluoroborate, 
trimethylsulfonium hexafluorophosphonate etalkyi trichloroacetimidate. 

52. Methode selon la revendication 47, dans laquelle ladite etape d'alkylation est effective pour convertir des groupes 
25 hydroxyles dans ledit melange en -OR', oij R' est selectionne panni: alkyleCi-Cgo, alkyleCi-Cao substitue, alkylene- 

aryle C1-C20 et alkylene-aryle C1-C20 substitue. 

53. Methode selon la revendication 52, dans laquelle R' est selectionne parmi: methyle, ethyle, propyle, butyle, pentyle, 
hexyle et benzyle. 

30 

54. Methode selon la revendication 47, dans laquelle X est un nucleophile efficace pourdeplacer-Z. 

55. Methode selon la revendication 54, dans laquelle Z est un groupe mobile selectionne parnii: halogene et sulfonate 
esters. 

35 

56. Methode selon la revendication 49, dans laquelle 

X est selectionne pamii: des groupes mobiles, des groupes vinyles substitues et des groupes vinyles non substitues, 
m est 1 -3, et 

Y est un acide carboxylique protege. 

40 

57. Methode selon la revendication 56, dans laquelle le groupe acide carboxylique protege est selectionne parmi: 

nitrile, amide, alkyle ester et ortho ester. 
IS 58. Methode selon la revendication 47, dans laquelle: 

X est selectionne pamni: des groupes mobiles, des groupes vinyles substitues et des groupes vinyles nonsubs- 

titues, 

m est 1-3, et 
50 Y est un carbonitrile. 

59. Methode selon la revendication 47, dans laquelle: 

X est un halogene, 
55 m est 0, et 

Y est p-tolylsulfonyle, methylsulfonyle, trifluoromethylsulfonyle ou trifluoroethylsulfonyle. 



60. Methode selon la revendication 49, dans laquelle le reactif de fonctionnalisation est selectionne pamni: 



EP1 656 410B1 



X'-(CRiR2)„-C(0) -0-Rp, 
CH2=CY'-C(0)-0-Rp, 
X'-(CRiR2)n,-Z, 
CH2=CY'-(CRiR2)n,-Z, 
5 X'-(CRiR2)n,-C=Net 
CH2=CY'-C=N, 

QU 

X' est halogene ou un sulfonate ester, 
10 Z est un ortho ester, 

y est H, halogene, alkyle, alkyle substitue, alcoxy ou alcoxy substitue, at 
Rp est alkyle ou alkyle substitue. 

61. Methode selon la revendication 44, dans laquelle ladite conversion comprend la reaction de HO-POLY-OH avec 
is X'-SOg-Rg, oil Rg est alkyle, alkyle substitue, aryle ou aryle substitue, et X' est Br ou CI. 

62. Methode selon la revendication 61, dans laquelle R3 est p-tolyle, methyle, trifluoromethyle ou trifluoroethyle. 

63. IVIethode selon la revendication 44, comprenant en outre, apres ladite etape de purification, la transformation de Y 
20 du polymere sensiblement pur en un fragment reactif different. 

64. Methode selon la revendication 44, dans laquelle ledit fragment reactif comprend un groupe fonctionnel selectionne 
parmi: hydroxyle, ester actif, carbonate actif, otino ester, acetal, aldehyde, aldehyde hydrate, cetone, cetone hydrate, 
oxime, alkenyle, acrylate, methacrylate, nitrile, amide primaire ou secondaire, imide, acrylamide, sulfone actif, amine, 

25 hydrazide, thiol, acidecarboxylique, isocyanate, isothiocyanate, male'imide, succinimide, vinylsulfone, dithiopyridine, 

vinylpyridine, amidate, 2-substitue-l ,3-oxazoline, 2-substitue-1 ,3-{4H)-dihydrooxazines, 2-substitue-1 ,3-thiazoline, 
2-substitue-1 ,3-{4H)-dihydrothiazines, hydroxylamine, iodoacetamide, orthopyridyledisulfure, epoxyde, glyoxal, dio- 
ne, mesylate, tosylate et tresylate. 

30 65. IVIethode selon la revendication 44, dans laquelle Y est un groupe fonctionnel protege, et ladite methode comprend 
en outre la deprotection du groupe fonctionnel avant ladite purification. 

66. IVIethode selon la revendication 60, dans laquelle le melange dans I'etape (a) comprend CH3O-POLY-OCH3, en 
combinaison avec H3CO-POLY-L0 j-Y et Y-Lq j-POLY-Lq ^-Y ou L est un segment de liaison optionnel et Y est un 

35 groupe fonctionnel. 

67. IVIethode selon la revendication 66, dans laquelle le melange ne comprend pas plus de 40% en poids de HO-POLY- 
OH et Y-Lq j-POLY-Lq 1-Y en combinaison. 

40 68. Methode selon la revendication 67, dans laquelle le melange ne comprend pas plus de 1 0% en poids de HO-POLY- 
OH et Y-Lq 1-POLY-l^ 1-Y en combinaison. 



50 



55 



EP1 656 410B1 




FIG.l 



51 



EP1 656 410B1 



10 



Feed Tank for Crude Product Mixture 



li^Valved Manifold ,y- 
!; for Liquid Transfers 



Precolumn 




=1^ 



Main Column 



Solvent Vessel 



h 



.If 



. — 




Receiving Vessel 


Receiving Vessel 



.30 



FIG. 2 



EP1 656 410B1 




FIG. 3 



EP1 656 410B1 



REFERENCES CITED IN THE DESCRIPTION 

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European 
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be 
excluded and the EPO disclaims all liability in this regard. 



Patent documents cited in the description 



• US 6448369 B [0009] 

• EP 0614666 A1 [0013] [0014] 

• EP 1283233 A1 [0015] 

• JP 8165343 A [0016] 

• US 6448369 B1 [0017] 

• WO 2004060965 A2 [001 8] 

• US 5281698 A [0080] 

• US 5468478 A [0080] 

• US 5672662 A [0080] 



• US 467041 7 A [0080] 

• US 5650234 A [0080] 

• US 5824784 A [0080] 

• US 525271 4 A [0080] 

• US 5900461 A [0080] 

• US 5932462 A [0086] 

• US 6362254 B [0088] 

• US 5629384 A [0093] 

• US 6602498 B [0132] 



Non-patent literature cited in tiie description 

• Odian, Principles of Polymerization. Wiley, 1991 
[0008] 

• F. E. Bailey, Jr. ; J. V. Koleske. Poly(etliylene ox- 
ide). Academic Press, 1 976 [0008] 

• Greeneet al. PROTECTIVE GROUPS IN ORGANIC 
SYNTHESIS. John Wiley and Sons, I nc, 1999 [0041] 

• Buckmann et al. Makromol.Chem., 1 981 , vol. 1 82, 
1379 [0080] 

• Zaiipsky et al. Eur Polym. J., 1983, vol. 19, 1 177 
[0080] 

• Andresz et al. Makromol. Chem., 1978, vol. 179, 
301 [0080] 

• Olson et al. Poly(etiiylene glycol) Ciiemistry & Bio- 
logical Applications. ACS, 1997, 170-181 [0080] 

• Abuchowski et al. Cancer Blochem. Biophys., 
1984, vol. 7, 175 [0080] 

• Joppich et al. Makromol. Chem., 1979, vol. 180, 
1381 [0080] 

• Pitha et al. Bur. J. Biochem., 1 979, vol. 94, 1 1 [0080] 

• Elling et al. Biotech. Appl. Biochem., 1 991 , vol. 1 3, 
354 [0080] 

• Beauchamp et al. Anal. Biochem., 1983, voi. 131, 
25 [0080] 



Tondelli et al. J. Controlled Release, 1985, voi. 1, 
251 [0080] 

Veronese et al. Appl. Biochem. Biotech. ^ 1 985, vol. 
11, 141 [0080] 

Sartore et al. Appl. Biochem. Biotech., 1991, vol. 
27, 45 [0080] 

Harris et al. J. Polym. Sci. Chem. Ed., 1 984, vol. 22, 
341 [0080] 

Goodson et al. BioH'echnology, 1990, vol. 8, 343 
[0080] 

Romani et al. Chemistry of Peptides and Proteins, 
1984, voi. 2, 29 [0080] 

Kogan. Synthetic Comm., 1 992, vol. 22, 241 7 [0080] 
Woghlren et al. Bioconj. Chem., 1993, vol. 4, 314 
[0080] 

Sawhney et al. Macromolecules, 1 993, voi. 26, 581 
[0080] 

Ouchi et al. Polymer Preprints, 1997, vol. 38 (1), 
582-3 [0091] 

Ciiromatographiy: a laboratory iiandbooi<of ciiroma- 
tographic and eiectropiioretic techniques. Ion Ex- 
change Chromatography. Principles and iVIethod. 
Pharmacia Biotech. Van Noostrand Rheinhold Co, 
1975 [0160] 



54 



